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Dear Mr. Aluned: 

The Granville Solvents Site PRP Group commissioned Metcalf & Eddy .. Inc. to assemble the 
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of .:t comrrehensive ARAR table for inclusion in the EE/CA, which you requested in our August 
2S. 1998 meeting. This information has been incorporated into the enclosed comment response and 
re\ i~:ecl pages for both reports. The enclosed revised pages should be substituted for the existing 
pages in -rhe appropriate places in both reports. 

y,)U al:;o requested that the PRP Group provide to you the electronic chemical data tables relating 
to He si1 ~~- That information was transmitted to you under cover dated September 21. It is our 
urukrstanding thm with the submission of the enclosed information, all outstanding requests from 
yoUI o ffi,::e have been satisfied. 

Upon receipt of EPA's approval of the EE/CA and the Groundwater Flow and Contaminant 
Trar sport Model as revised by this submission, the PRP Group is prepared to go forward with the 
public notice requirements. Presuming that no adverse comments are receiv~~d during the public 
no :ice pn,ce:;s, the PRP Group is prepared to implement the final components of the Removal Action 
at _he Gnmille Solvents Site. 

2"1532 12'2/S:l 

------- ---- -----------------------
I\Rl •\II' 1\FL<,ILIM CINCINNATI Clf\'FL~NL1 COLLIMBLIS DAYTON PALM BEACH W.\\-LINGTON. DC. 

mailto:bpfefferle@thf.com


ivlr. ~)iJ1<~i Ahmed 
Pagt: 2 
n~ct~mbfr 2, 1998 

THOMPSON 
HINE&FLORYLLP 

If you have any questions regarding this matter, please do not hesitate to call me. 

Sineerely, , .~ _ 
/ ,) _f--/ ! Jd ) )\' ·-/ k -~<"""-- J . ~\--K' ~)r~ -:?~--

Ben L. Pfefferle, Iii \~' \J \.' 
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GrmFillw:;!ter Flow and Contaminant Fate and Transport Model 

) L. Section 3.3.4, Sorption of Contaminant Compounds, Page 16. In the last sentence of 
tht: first paragraph on this page, "the absorption capacity of the soil as set 
tmlimited ... " is confusing (or incorrect since non-linear Freundlich iisotherms as well 
as linear have no maximum adsorption capacity). Since the assumption of a linear 
isotherm is not in question, I suggest as alternative langua1;e simply: "The 
adsorption capacity of the modeled soil was asswned to follow a. linear adsorption 
isotherm." 

/ 

/ ·1 

/1 

RESPI)NSE: 

l. 

., 

.;;j. 

The text was modified as suggested above on page 16. Please insert revised page 16 into 
the :locument 

Following tht~ Granville Solvents meeting on 8/28 we discussed with OEPA why there 
was such a large discrepancy between the Soil to Groundwater Prelirninar:v 
Remediation Goals (PRGs) and the Soil Remediation Goals based on the modeling. 
The answer to this question appears to relate to the definition of point or zone of 
compliance. In Section 6.2 it is stated that the compliance zone for the aquifer was 
set at EW-1 and the area around EW-1 which are [sic] within it'i capture zone. 
There is no .figure presented that outlines this area. However, this is likely som1e 
distance from the highly contaminated areas. If the requirement was that 
groundwater beneath all the site were to achieve levels of contamination that were 
not above no further action levels, lower (more stringent) soil remediation levels 
would result. In the groundwater model presented here, breakthrough curves (e.g., 
Figures 12, 13 and 14) are presented showing concentration changes through 
modeled time for points located downgradient of the most contaminated areas near 
E\-Y ·1. If breakthrough curves were to be presented for areas nearer the highly 
contaminated source areas, I would anticipate considerably larger maximum 
concentrations (and exceedences of MCLs for some period of time). 

Figures and tables should be presented showing where maximum contaminant 
concentration levels occur -along with plots of the magnitude through time. For 
example, groundwater transport model reports usually present plots of concentration 
along the centerline of a plume for several different times during the simulated time. 
For this site, plots at 1 year, 5 years, 10 years and 20 years (or when contamination 
levels everywhere are below MCLs) might be appropriate . 

. i?ESPONSE: 

., y,) provide a more complete picture of the expectations of the plume over time, additional 
figures are provided in Appendix B. Reference is made to Appendix B on page 56 and 
the Table of Contents has been revised. The figures included iii Appen31x B illUstrate the 
predicted extent of the TCE plume at modeled years 6, 7, 8, 9, 10, 11, 12, 13, 14, and 
20. Figures are also presented showing the predicted extent of the PCE plume at modeled 
yc:ar~; 6, 7, 8, 9, 10, 11, 12. 13, 14, 15, and 20. The contour interva:.s chosen for these 
figu:·es incorporate changes made in response to observations made in Comment 3 below. 
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1.0 INTRODUCTION 

Thi~ report documents a groundwater flow and contaminant fate and transport model developed 

to e-•aluate options for remediation of impacted soils and groundwater at the: Granville Solvents 

Site (Site) in Granville, Ohio. The evaluation was conducted by Metcalf & Eddy, Inc. (M&E) 

on behalf of the Granville Solvents Site PRP Group, using the protocol described in a letter 

suhnitted to the U.S. EPA on September 11, 1996 (letter included in Appendix A), and 

wnfirmed by representatives of the U.S. EPA in a meeting on September 25, 1996. Based on 

comnents provided by the U.S. EPA on August 14, 1997, the model was updated to 

ace orrunodare those comments and provided herein as Revision 1. The Engineering 

Evaluation/Cost Analysis (EE/CA) being prepared will examine the alternatives and select one. 

Groundwater and soil contamination have been identified and assessed at the Site. The 

contamination resulted from activities at a former solvent recycling business located at the Site. 

Irnpc_cted surficial soils at the Site are believed to provide an ongoing source of contaminants to 

the groundwater. 

Impacts to the groundwater and soil are currently being mitigated by the Granville Solvents Site 

PRP Group (GSS PRP Group) with a pump and treat remediation system, which has been in 

operation since December 1994. The system has contained the groundwater contaminant plume, 

preventing further migration toward the Village of Granville Wellfield and reducing the size and 

mass of the contaminant plume. 

As long as the system remains active, contaminants from the Site will not impact the Village of 

Grc.nvi:lle wellfield. A groundwater modeling effort was not required to demonstrate this fact. 

Mon:hJy potentiometric surface maps and routine groundwater monitoring have provided 

ev[tknce of plume reduction and containment. With continued operation of the pump and treat 

sy~;::em .. the Site will pose no further threat to human health and the environment. 

Alt:J<mgh the pump and treat remediation system at the Site is sufficient to prevent off-site 

impac:t. ir may not be the most cost effective long-term solution. The pump and treat system, 

1 
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acting alone, will require a long period of time to remediate both the soils and groundwater. 

Alternatives exist for soil remediation which could significantly reduce the number of years that 

the pump and treat system will need to operate, but these alternatives have associated costs. 

Therefore, optimization of the remediation effort is required to produce a more cost effective 

solution that will maintain the current high level of protection. 

Optimization requires estimating the interactions between soils and groundwater, and clean-up 

times under a variety of remediation alternatives. A groundwater flow model and contaminant 

fate and transport model were selected as tools for estimating clean-up times for a variety of 

remediation alternatives. The objective of the modeling effort was to establish comparative times 

required to complete remediacion. Comparative times for each alternative were subsequently 

used to estimate costs associated wirh the alternative site management scenarios. The cost 

estimate information is presented in the Engineering Evaluation and Cost Analysis (EE/CA) 

document. 

The modeling results obtained from this project will not be used to establish end times for the 

remediation efforts and will not be taken as substitutes for field evidence. Rather, the results are 

to be used to compare remedial alternatives on a common basis and make recommendations 

regarding the most favorable approach in terms of cost effectiveness and protection of human 

health and the environment. Ultimately, it will be the field evidence obtained from 

potentiometric maps and groundwater sampling data that will be used to establish the 

effectiveness of the remedial effort, verify the continued protection of the wellfield, and 

determine the time of completion of remediation. 
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2.0 CONCEPTUAL MODEL 

The aquifer system beneath the Site is a buried valley-type aquifer. The permeable soils of the 

buried valley range from fme-grained sand to coarse-grained sand and gravel occurring to depths 

of more than 250 feet. Groundwater production capabilities of the buried valley system are 

suiJ~:tantial. The bedrock valley walls and floor are composed of shale .. which contributes 

n~jnirnally to water production in the valley (M&E, 1994). 

The penneable aquifer deposits are overlain by a layer of silt-rich clay soils of relatively low 

pe::-neability. These soils are of fluvial origin and their thickness varies across the region. In 

tile m~a of the Site they are approximately 20 feet thick. These soils are saturated from near 

ground surface to the soil/aquifer interface. 

In most :>f tbe buried valley aquifer, the groundwater in me aquifer is under confining pressure 

created by tbe overlying clayey soils. Water levels in most wells drilled in the aquifer rise to 

leve~s of 10 to 20 feet below tbe ground surface. 

Through most of the region, saturated aquifer soils are in contact with saturated clay soils. 

Given the higher potentiometric head in the clay soils, it can be assumed that the aquifer receives 

some recharge from the overlying soils. The clay soils are saturated to near the ground surfa(:e. 

Due to the low permeability of the clay soil, much of the rainfall through the modeled area nms 

off the ground surface and leaves the area through Raccoon Creek. Water inflltrating the soil 

surface either proceeds at a slow rate to the aquifer or is removed by evapotranspiration. 

Race oon Creek appears to be largely isolated from the aquifer. It is believed that, if interaction 

were· present between the creek and the aquifer, Raccoon Creek, under nonnal flow conditions, 

wou~d be discharging water to tbe aquifer through the modeled region based on relative water 

le·vels. l.Jnder flooding conditions, tbere is evidence that the creek recharges the aquifer. 

3 
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3.0 GROUNDWATER FLOW AND CONTAMINANT 

FATE AND TRANSPORT MODEL 

The primary objec:tive of the modeling project was to provide a means for comparing remedial 

alternatives. The critical factor in the comparisons involved the interaction between the low 

penneability surface soils and the aquifer. The soils at the Site contain chlorinated and non

chlcrinated volatile organic compounds (VOCs) that are slowly contributing dissolved phase 

compounds to the aquifer. Given the need to model the interaction between the soils and the 

aquifer, a numerical model was chosen. This type of interaction can be effectively handled with 

a numer:cal model, but is beyond the capabilities of analytical models. 

lV[ODFLOW was chosen as the numerical flow model for this project. MODFLOW is the 

standard numerical groundwater flow model in use today. It has been thoroughly tested and 

widely a.::cepred hy industry, consultants, and the regulatory community. Visual MODFLOW, a 

gnq:hical interface for MODFLOW, MODPATH, and MT3D96
, was used for importing data to 

the model and graphically portraying the results. 

M:ODPATH was also used for establishing flowpaths within the model and establishing times of 

aclvt"ctive travel along the flowlines. A program known as MT3D96 was used for contaminant 

fate and transport modeling. This newly updated fate and transport code incorporates the 

feantres of the older versions of MT3D with new options and algorithms to facilitate more 

complex sinmlations. 

The procedures used to implement the models and the specific parameters chosen for the inil:ial 

set-up of the model are described in this section. Final model inputs, following calibration are 

pn:s~:nted in Section 4.0. 
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3.2 MODFLOW MODEL SET -UP 

Each aspect of the model set-up is described and supported, including the selection and 

application of specific input p:.rameters. In general, where field data were not available as input 

into the model, assumptions that would increase the probability of predicting impact to the 

Village of Granville wellfield were used to maintain a conservative bias. Some extrapolation of 

geologic and hydrogeologic parameters known from investigations at the Site was necessary to 

expand the model through the region. Data from other sources (the regional glacial map, the 

regional bedrock map, water well logs, oil and gas boring logs. etc.) were used as appropriate. 

3.2.1. Modeled Area and Grid 

The model grid encompasses an area of approximately 2 square miles surrounding the Site. The 

area away from the pumping centers was gridded in 250 feet cells. Within the pumping centers 

the grid was refmed to cells with a width and a length of 50 feet. Figure 1 depicts the model 

grid and shows the locations of the extraction wells and the Village of Granville production 

wells. Figure 2 provides an enlargement of the primary area of interest, extending from the Site 

through the Granville wellfielcl. 

3.2.2 Model Layers 

The model was divided vertically into 10 layers. The upper five layers depict the clay-rich soil 

overlying the aquifer. Based on lithologic and vertical permeability, data collected during the 

soil sampling program, the sci! is relatively homogeneous. These upper five layers were then 

assigned identical input parameters. The clay soil was divided into separate layers to provide a 

higher level of resolution for soil contaminant concentrations within the soil column. The lower 

five layers of the model represent the sand and gravel of the buried valley aquifer. 
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3 .:Z.3 Boundary Conditions 

.t't~UUUd... Boundary Conditions 

Two types of boundary conditions, no-flow and constant head, were used in the modeling of the 

aqu fer ~:ystem. The locations of no-flow and constant head boundaries are included on Figure 1. 

:t'~o- tlO\v boundaries were used at the bedrock walls of the buried valley system. The bedrock 

con:;ists \lf Raccoon Shale, which has low permeability compared to the highly permeable sand 

and gravel of the buried valley aquifer. For this reason, it was appropriate to designate the 

bedrock walls as no-flow boundaries in the model. This designation was made for all model 

layers. 

The location of the bedrock walls was based on area topography, a bedrock surface map, oil and 

gas exploration borings, and the experience of M&E staff geologists with this buried valley 

sy:'t,~m. The Glacial Map of Licking County (Ohio Division of Geological Survey1
) is included 

for reference as Plate 1. The glacial map includes bedrock surface elevations for the buried 

valky system. It also depicts the character of the glacial soils present in the: valley. 

One deviation from the outline of the bedrock va11ey was made to exclude a small buried 

tri.Jutary valley which enters the main valley from the south near the middle of the modeled 

regiJn. The bedrock surface map indicates that this tributary valley is about the same depth as 

the main valley. However, the glacial deposits in the tributary valley are known to be of 

rela1:ively low pe1meability based on a review of borings and water well records. The sediments 

in the tributary valley supply a few domestic wells with relatively low production rates, but these 

v.eiJs appear to be completed in sand and gravel lenses within a clayey till matrix. Therefore, 

the tributary valley was modeled as a barrier boundary similar to the bedrock walls of the main 

nlky. 

---------------------------------
Reference is to Ohio Division of Geological Survey, Report of Investigation No. 59, by 
JaneL. Forsyth, titled Glacial Map of Licking County, Ohio. Undated. 
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The floor of the main bedrock valley was also modeled as a no-flow boundary. Depth to the 

bedrock floor in the modeled region was established based on the bedrock map provided on Plate 

1, available oil and gas exploration boring logs, and borings completed as a part of the 

investigations at the Site and the Village of Granville well field. The bedrock surface was entered 

into the model as the bottom of model layer 10. 

Constant head flow boundaries were established transverse to the main buried valley above and 

below the modeled area which allowed groundwater flow into and out of the area through the 

aquifer. No information was available regarding the down-valley regional gradient in the buried 

valley beyond the pumping in1luence of the Village of Granville wellfield. Since the direction of 

flow of Raccoon Creek is from west to east, it can be presumed that the regional gradient would 

also be to the east. However, in keeping with the decision to provide assumptions that increase 

the probability of the model predicting impact to the welltield, constant head flow boundaries at 

the same elevation were chosen for the east and west boundaries of the valley. Under 

background (non-pumping) conditions, these levels would have resulted in no gradient either up 

or down the valley. Any background gradient in this system would probably be from west to 

east and would tend to lessen the influence of the Granville wells on the groundwater flow at the 

Site. The constant head flo\v boundaries are far enough from the pumping centers to have only 

minimal influence on model results. 

As shown on the glacial map (Plate 1), Raccoon Creek flows through the central portion of the 

valley in most of the modeled area. The creek turns northward near the Site and flows eastward 

in a course that lies just south of the site. This represents the closest approach of the creek to the 

Site and to the northern boundary of the buried valley system within the modeled area. 

Raccoon Creek was not included hydraulically in the model, since pumping tests indicated that 

the creek does not interact significantly with the aquite:r under pumping conditions (M&E, 

1995a). If interaction were present between the creek and the aquifer, the creek would be a 

losing stream through the modeled area based on relative water levels. Water added to the 

aquifer from the stream would tend to diminish the effec1ts of the Village of Granville pumping 

wells on the aquifer beneath the Site. Thus, excluding the creek from consideration in the model 
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in.::teased the probability of the model predicting impact to the Village of Granville Wellfield 

fhnn 1:he~ Site. 

!.~2lH~L.SlillS Boundary Conditions 

1\"o-tlow boundaries were used on all horizontal edges of layers comprising the clay-rich upper 

soil:;. Given the low permeability of these soils, the choice of boundary conditions in a regional 

model is insignificant. 

Constam head cells were also used vertically as the top layer of the clay soils to provide a stable 

means of introducing recharge to the system. The use of a constant head boundary to represent 

redarge is discussed in detail below. 

3.2.4. Village of Granville Wellfield 

V{dls for the Village of Granville were placed in the model at their appropriate locations within 

du:: modeled area and screened at the appropriate depths within the aquifer (M&E, 1995b). The 

pumping rates used in the wells for calibration runs were based on the reported rates for the 98 

hour pumping test. For model prediction runs, the overall pumping rate of the wellfield was 

distributed between the three supply wells according to their respective productive capacities 

(i.e. , well P\V-3 accounted for less production than wells PW-2 and PW -4). In practice, the 

W·;!lls are alternated and each well is pumped at a rate significantly exceeding Village demands. 

Pumping is therefore intermittent throughout the course of a given day. For the model, 

however, each well was assumed to pump at a constant rate, and the total pumping rate for the 

combined wells was matched to their average pumping rate. In keeping with the desire to remain 

conservative in the model set-up, the total pumping rate was assumed to be twice the current 

pumping rate. The duration of the model runs was typically 30 years into the future. It was 

assumed that production of the wellfield would remain within a factor of two of the current 

average pumping rate throughout this 30 year period. 
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3.2.5 Recharge 

Recharge could not be implemented in a stable ma1mer through the use of the MODFLOW 

recharge package because of the low permeability of the upper clay soil. However, based on soil 

moisture values obtained from Shelby tube samples, the upper clay soil is known to be saturated 

from a few feet below the surface to the interface with the aquifer.. Given this condition, a 

consistent gradient will be present through the clay soils to the aquifer interface. This condition 

was approximated using constant head boundaries at the surface which represent the "water 

table" within the clay soil. Recharge is largely independent of rainfall conditions. Rainfall in 

excess of the very low infiltration rate of the soils silmply runs off the surface. The clay soil 

slowly transmits water between a constant head source a't the level of saturation and a variable 

head sink at the interface with the aquifer. 

Groundwater flow through the clay soils to the aquifer caJTies contaminants from the soils to the 

aquifer. Therefore, proper representation of flow in the clay soils is essential for making valid 

predictions regarding how the soils interact with groundwater and transfer new contaminants to 

the groundwater system. The subject of flow through the clay soils is addressed thoroughly in 

the sensitivity analysis of this model and in model runs comparing various remedial alternatives. 

3.2.6 Hydraulic Conductivity 

The transmissivity of the aquifer was established from pumping tests at the Site using observation 

wells within the Site and portions of the Village of Granville wellfield (M&E, 1995a). The 

transmissivity values were input into the model as hydraulic conductivity values for each model 

layer within the aquifer. Based on boring logs at the :Site and the Village of Granville wellfield, 

the lower portion is the most permeable part of the aquifer. Therefore, for the initial model set

up, the hydraulic conductivity of the lower two model layers (layers 9 and 10) was set higher 

than the hydraulic conductivity of the upper three aquifer layers (layers 6, 7 and 8). The 

hydraulic conductivities were chosen such that the combined transmissivity of the model layers 

matched the results of the pumping tests. 
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The hydraulic conductivity of the overlying clay soil layers (layers 1 -· 5) was based on 

lacorarory permeability tests of Shelby tube samples collected in the most recent soil sampling 

program. Twelve laboratory permeability tests were conducted. The hydraulic conductivity 

dete:-mined by these tests ranged from 1 x 10-8 to 9 x 10-8 em/sec. However, since it is not 

unwmmon for laboratory permeability tests to underestimate the conductivity of a clay soil, the 

tme pe:rmeability of these soils may be somewhat higher than that shown by the tests. For the 

initial model, the conductivity of the clay soil layers was set at the conservative value of 1 x 10-7 

cm/~ec. 

Because of the uncertainties of hydraulic conductivity in clay soil, a wide range of values was 

eVCLluat:ed as part of the sensitivity analysis and taken to the fmal stage of the model were 

allernatives were compared. A conductivity value of 1 x 10-7 em/sec is near the high end of the 

te~;J: :lata and an appropriate value to enter as an initial estimate. However, a wide range of 

conductivity values for the clay soils was evaluated as a part of the sensitivity analysis and a 

similarly wide range of values was taken to the fmal stage of the model where the alternatives 

we·:-e compared. As a result, the initial estimate of conductivity for the clay soils is of little 

cortS(>:quence. Ultimately, the clay soils were treated in such a way as to maintain a high level of 

uncertainty in their rates of conductance and still provide meaningful comparisons of 1he 

altematives. 

3.2.7 Storativity, Specific Yield, and Porosity 

Fer rhe layers representing the aquifer (layers 6 - 10), the initial storativity and specific yield 

values were estimated from pumping test analyses (M&E, 1995a). A 30 percent porosi1:y, 

con.s1sten: with textbook values typically given for this type of aquifer (Fetter, 1988; Freeze, 

19i'9), was used for the model setup. 

Estinatecl values of porosity, storativity, and specific yield were used for clay layers. The 

poro;ity of clay-rich soils was estimated at 35 percent (Fetter, 1988; Freeze, 1979). The 

storativity was assumed to be 0.001 and the specific yield was assumed to be 0.01 percent. No 

reliable field method exists for determining storativity in low permeability soils. The specific 
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yield used may appear relatively small in comparison to typical specific yield values for 

permeable soils. However, little water drains from lmv permeability clay-rich soils between 

saturation and field capacity (the water holding capacity following gravity drainage). Water 

enters these surficial soils in response to rainfall, and is removed largely by evapotranspiration 

during the growing season. The transition between full saturation and field capacity represents 

the loss of only a very small amount of water in these soils, which is reflected by the low 

specific yield used in the model. 

3.3 MT3D MODEL SET-UP 

The MT3D model was designed to have the same spatial discretization as the flow model. 

However, the model area in MT3D model need not be the same as that in MODFLOW model. 

This was used as an advantage to focus on the area where potential contamination in groundwater 

and soil is expected. A description of transport model design is provided below. 

3.3.1 Model Area and Boundary Conditions 

The model area for fate and mass transport of contaminant compounds is the primary area of 

interest that includes the Site and the Village of Granville \.vellfield. This area is shown as a sub

region of the flow model in Figure 1. The model grid in the sub-region was mostly refined with 

nodal spacing of 50 by 50 feet, the same as used in the flow model. Along the boundary of the 

transport model area, the established boundary conditions provide zero mass flux. 

3.3.2 Contaminants Analyzed 

As specified in the EE/CA, chemicals of concern were selected on the basis of a single 

occurrence of a VOC above detection limits in soil collected and sampled in 1996 (M&E, 1996). 

The fate and transport of 19 chemicals of concern were analyzed in the model. These 

compounds are 1,1,1-trichloroethane (1,1,1-TCA), 1.1.2-trichloroethane (1,1,2-TCA), 1,1-

dichloroethane (1,1-DCA), 1..1-dichloroethylene (1,1-DCE). cis-1,2-dichloroethylene (cis-1,2-

DCE), trans-1 ,2-dichloroethylene (trans-1 ,2-DCE), 2-butanone, acetone, benzene, carbon 
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dimlfide, chlorobenzene, chloroform, ethylbenzene, methylene chloride, tetrachloroethylene 

(PC f::), toluene, trichloroethylene (TCE), vinyl chloride (VC), and xylene. All compounds have 

been identified in field investigation at the Site. Distribution of these contaminants in the aquifer 

and the overlying soils has been investigated and reported (M&E, 1995b; M&E, 1996). 

3.3 . .3 Initial Concentrations 

The initial concentrations of each contaminant assigned to the aquifer, the lower five layers of 

the 11odel, were based on the results of the Hydropunch® study (M&E, 1994) completed in 

199L.. Values may not represent current concentrations after operation of the pump and treat 

remediation system for nearly two years. A decline in concentrations of contaminant compounds 

in 11onitoring wells has been observed since pumping was started. However., the most complete 

am.l;;sis of the distributions of 19 compounds in the aquifer was from the Hydropunch® study, 

ancl these values were used in the model to increase the probability of the model predicting 

wellfield impact. 

The initial concentrations assigned to the clay soil layers, the upper five layers of the modeL 

were based on a soil investigation in the Spring of 1996. The concentrations of contaminant 

compounds in the saturated clay soil (M&E, 1996) were reported as the total mass per unit soil 

weight including both dissolved phase in pore water and solid phase sorbed onto soil. In the 

aque•Jus mass transport model, only concentrations in pore water need to be assigned to the clay 

so:J layer as initial concentrations. The pore-water concentrations (Cw) can be calculated by 

(Ft~enstra <md others, 1991): 

Mp., c -- (1) 
w -- Kdp, + nw 

where M is the total mass of the contaminant per unit weight measured in the soil sample, Pb is 

the tulk density, :n_v is the water filled porosity, and ~ is the distribution coefficient discussed 

lat~r in the Section 3.3.4. 
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Based on the contaminant concentrations in clay soil (M) measured in the soil investigation, 1996 

(M&E, 1996) and the calculated Ku in section 3.3.4 for each compounds, the concentrations of 

19 compounds in pore water were calculated using Equation 1 with water filled porosity (Ilw) of 

0.35 (Section 3.2.6) and the bulk density (pb) of 58.2 kg/t1:3 (Section 3.3.4). To assign a 

calculated pore-water concentration from soil samples to each layer, the sample depths in each 

boring were extrapolated to the level of the model layers. Where soil samples had not been 

taken directly at the elevation of a model layer, the samples taken above and below the given 

elevation were examined and the higher concentration of the two was used. The concentration 

distribution in pore water was generated using Kriging for each layer and imported into the 

model. 

The boring program at the Site involved a close spacing of boring locations, and specialized 

techniques were used to detect Dense Non-Aqueous Phase Liquids (DNAPLs). DNAPLs have 

not been positively identified or confirmed at any location at the Granville Solvents Site using 

approved U.S. EPA methods. An anomaly exists between the field screening and laboratory 

analytical results. The experimental field screening results are not consistent with the results 

obtained from the U.S. EPA-approved analytical methods used to analyze these soils. In most 

cases where the screening results indicate the presence of DNAPLs, the approved analytical 

methods demonstrate an absence of contaminants or low concentration of contaminants. 

Therefore, potential effects of DNAPL were not incorporated into the model. 

However, it is rarely possible to conclude with certainty that DNAPLs are not present in a soil 

subject to free phase releases. While the potential presence of DNAPL was not directly analyzed 

by the model, it was considered qualitatively with respect to the scenarios presented in Section 6. 

3.3.4 Sorption of Contaminant Compounds 

In the environment of aquifer and samrated clay soil layers, contaminant compounds along the 

migration pathways are adsorhed onto or desorbed into solid phase or pore water phase. All the 

contaminants modeled in this smdy are nonpolar organic compounds that are preferentially 

partitioned by solid natural organic matter in soil. To model the adsorption/desorption of the 
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concaminam compounds, rb.e linear adsorption isorb.erm was used, which has been shown co 

ap-?lY ~easor.ably well at low concentrations for non-polar organic compounds (Karickhoff eta/., 

1979l. Ar. r.be high concentration of nonionic organic compounds. adsorptior. capacity onto soil 

dc:crea;e·s and becomes nonlinear. The impact of deviation from a linear adscrption isotherm on 

the: ccntmti.nant r.ransport in a groundwater system is limited due to the low or:~anic carbon in the 

acuiti:r ar:.d :s evaluated in Section 5 through sensitiviry analysis. In cla.y soil layers, the 

c: ntarninam.s mainly move downward into· the underlying aquifer releasing inm the groundwater 

s·Js.rem. The adsorption of contaminant compounds in the clay soil layer is one of the major 

fa.:tors c:omrolling the contaminant-releasing rate from clay soil to the groundwater system. A 

limited adsorption capacity enhances the contaminant release to the groundwater system so tha;: 

r.h~ contmlir.ants in c!ay soil will be predicted to be removed in a relative short time frame and 

n:: longer ser·;e as a long-term source to the groundwater system. Apparently, the model with a. 

lir:-:ited ad.SOQtion capaciry would not generate a "worst case·· plume under the condition of three 

a. terna~:i·;e scenarios evaluated in Section 6. In keeping with the desire to remain conservative ir. 

che mod::! design, the adsorption capacity of the modeled soil was assumed to follow a linear 

adsorprion is·:>therm. 

F:r a linear adsorption isotherm, the distribution coefficient,~. is expressed as: 

. . Concentration in soil 
K. = 

" Concentration in pore water 
(2) 

and can be c::.lculated by: 

(3) 

•Nh~re K,,~ is a partitioning coefficient bet\Veen organic carbon of a compound and water, and foe 

is c.he :1v::rage weight fraction of organic carbon content in soil. The K:x for !ach compound is 

li~; :c~d .n Tabi-:: l.. The average fraction of the organic carbon content of the day soils was 0.8 

pt: ~:em based on 21 samples from the soil boring program. The average fraction of the organic 

;::~ rbon Ct)nter.: of the aquifer is assumed 0.05 percent, which is consistent for this type of aquifer 

sc'! 1. The! eff(~ct of varying this assumed value is addressed in the sensitivity analysis. Ka for 
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TABLE 1 

SUNIMARY OF koc A.1"VD "Ki 
USED IN THE I\'IODEL FOR 19 CHEIHICALS 

J 

~ {tetkg) ~ (tetkg) 
Compounds K.,c (Ukg) for clay sc1il for aquifer 

I 

-
1,1, 1-Trichloroethane 163.5 O.C4616 0.00289 

1,1 ,2-Trichloroehtane 56.2 O.C"'588 0.00099 

1, 1-0ichloroethane 40.4 I 
I 

0.01140 0.00071 

1, 1-0ichloroethylene 21.5 0.00609 0.00038 

2-Butanone 1.2 0.00035 0.00002 

Acetone 0.4 0.00010 0.00001 
I 

Benzene I 49.0 0.01383 0.00086 

Carbon Disulfide I 239.9 0.06774 I 0.00423 i 

Chlorobenzene 47.9 0.01352 0.00084 

Chloroform 43.7 0.01233 0.00077 

cis-Oichloroethylene 46.5 0.01314 0.00082 

Ethylbenzene 166.0 I 0.04687 0.00293 

Methylene Chloride 8.7 0.00246 0.00015 

Tetrachloroethylene 208.9 0.0!3900 0.00369 

Toluene 160.0 0.04518 0.00282 
I 

trans-Dichloroethylene 69.8 0.0"1971 0.00123 

Trichloroethylene - 152.0 0.04288 0.00268 

Vinyl Chloride 3.6 0.00102 0.00006 

Xylene 68.0 0.0'1920 0.00120 

p:\ptoJ\granv,ll\modef\req,onai\kd x!S 5/13/98 



ead1 compound was then calculated by Equation 3, listed in Table 1, and assigned to the model 

layers. The bulk density of the clay-rich soils was estimated and input as 58.2 kg/fe based on an 

av·~tage of 12 samples collected in the soil sampling program. For the aquifer soil, a bulk 

dem ity of 56.5 kglft3 was assumed. Bulk density varies within a relative narrow range and its 

variab:ility has little effect on the model outcome. 

3.3.:5 Degradation 

Most of contaminants to be analyzed in the model do not degrade abiotically to any great extent. 

Sc·m~ abiotic degradation has been cited in the literature, but these values have been called into 

ques:ion by more recent studies (Jeffers, 1989). It is now generally accepted that the abiotic 

degradation of these compounds is slow enough to be neglected. 

Biolc•gical degradation of TCE has been frequently reported (Tabak, 1989, Little, 1988, 

Wa<:::kett, 1989, Harker, 1990, Vannelli, 1990, etc.). Such degradation occurs in conjunction 

wirh biological degradation of other hydrocarbons or under anaerobic conditions. Evidence of 

bic·logical degradation is present at the Site. Cis-1,2-dichloroethene (cis-1,2-DCE) is present in 

the aquifer near EW -1. Small concentrations of this compound were present during the initial 

studies and the concentrations have increased over time. Cis-1 ,2-DCE is generally only 

prcdvced biologically from degradation of more highly chlorinated compounds. 

No degradation rate or constant was entered into the model therefore increasing the probability 

of the model predicting impact to the Granville wellfield. The sensitivity of the model 1:0 

degradation is evaluated in Section 5 . 

. 3.3.6 Dispersion and Diffusion 

Reli;lble values of dispersion and diffusion are rarely available for input to a fate and transpo11 

mod~!. Occasionally the values can be backed out of fate and transport calibration procedures 

when a great deal is known about the nature, timing, and duration of a chemical release. For the 

Site, this kvel of detail about releases was not available. An assumed value of 10 feet was used 
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for longitudinal dispersivity. The transverse dispersivity was assumed to be ten percent of the 

longitudinal dispersivity and the vertical dispersivity ''-'as assumed to be 1 percent of the 

longitudinal dispersivity for the aquifer and ten percent for the upper clay soils. These values all 

represent estimates which are reasonable for the conditions at the Site and are in line with 

common practice. The uncertainty introduced by using these assumed values is addressed in the 

sensitivity analysis presented in Section 5. 

Site-specific values for molecular diffusion were not available. This is nearly always true in site 

investigations, and this parameter is not generally considered to be significant. A text book 

value of 9.3 x 10 -s ft2/day (1 x 10-7 cm2/sec) was us,~d for all model layers (Domenico, 1990). 

The effects of varying this value are addressed in the sensitivity analysis in Section 5. 
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4.0 MODEL CALffiRATION 

The groundwater flow model was calibrated to the pumping test data from the Site. As discussed 

aboYe, the contaminant fate and transport model could not be calibrated due to the lack of 

specifi:: data regarding the nature, timing and duration of the contaminant releases. The effect on 

the uodel results of not being able to calibrate the fate and transport model is addressed in 

Seeton 6. 

Th·:: flow model was calibrated based on the 98-hour pumping test of extraction well EW -1 

bet""een December 30, 1994 and January 2, 1995. The duration of the test, the location of EW-

1 between the Site and the Village of Granville wellfield, and the large number of observation 

welb used in the test, made this an ideal test for model calibration. A brief description of the 

98-hJur pumping test and a description of the methods and results of the model calibration are 

pr·Jvided below. 

4.l 98·-HOUR PUMPING TEST 

Details and results of the 98-hour pumping test of well EW -1 are provided in Removal Action 

Aqu£Fer Pumping Test Report (M&E, 1995). Drawdown data for 15 wells were available from 

this test for comparison to model runs which mimicked the same pumping conditions. During 

the test:, the Village of Granville pumping well PW-3 was pumped at an average rate of 260 

gpm. Tite well was actually pumped at a higher rate for portions of each day and then rested 

bel:'N•een cycles, but it was noted at the time that the pumping cycles (of PW-3) did not affect the 

observation wells at the Site. Therefore, for the purpose of model calibral:ion, well PW-3 was 

assumed m pump continuously at its average rate during the 98-hour test. 

E;<tractio;] well E\V-1 was pumped at a constant rate of 200 gpm for the duration of the 98-hour 

test. Recovery data were not available from this test because pumping continued after 98 hours 

as .1 long term test of EW -1 and EW -2 pumping together. For simplicity in the process of 

matching the data, only the 98-hour interval was used for model calibration. 
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Plate 2 shows the potentiometric surface at the Site at the end of the 98-hour pumping test. This 

configuration was use for qualitative matching to the model. Data from the 15 observation wells 

used for the calibration are listed in Appendix D of the pumping test report (M&E, 1995). Plots 

of the pumping test data are provided in Figures 3 through 7, where they are compared to the 

model predictions. 

4.2 CALffiRA TION METHODS 

To calibrate the model, model runs were completed and the head data generated by MODFLOW 

were compared to the head data from each observation well in time series plots. The accuracy of 

the matches were evaluated qualitatively. The model parameters of hydraulic conductivity 

(horizontal and vertical), storativity, and specific yield were varied systematically until a good fit 

between the pumping test data and the model predictions Yvas obtained. 

The match between pumping test data and the model predictions was considered more accurate 

for certain wells than for others. In general, the wells closest to EW-1 were discarded from the 

matching procedure, due primarily to the coarse nature of the model grid and to the difficulty of 

obtaining accurate estimates of data at specific locations close to the pumping center. With 

greater distances from the well, the problem of differentiation becomes less important. 

Wells located close to the pumping center also have problems related to their vertical location 

within the model layers. Most observation wells had short screens (generally 10 feet long), and 

some were located near the interface between layers or across the interface. However, the model 

averages results over the full layer (or layers) which comains a well screen. For wells close to 

the pumping center, this can result in inaccuracy in model predictions compared to the pumping 

test data. This would not mean that the model is providing incorrect interpretation of the 

aquifer, but rather that the model is not able to provide resolution on the same scale as the data 

from the test for wells located close to the pumping center. 

Wells GSS-P1, GSS-P2, GSS-MW2, and MW-70 were considered too close to the pumping 

center to provide adequate resolution within the model and were not included in the model 
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calibration procedure. Well MW-3 is completed in a perched zone above the aquifer and also 

was excluded from model calibration. 

The following wells provided the data from the 98-hour pumping test for model calibration: 

PW- L, l\fW-8D, STANS, MW-2D, MW-6D, MW-P1, GSS-EW2, MW-1, and MW-5. These 

well:; span a distance of approximately 1,150 feet across the Site and into the Village of Granv:ille 

Wdlfield (well PW-1 is a former Village of Granville production well). The observation wells 

also surround well EW-1 in approximately 360 degrees. Plate 2 shows the locations of all wdls 

used in this calibration procedure. 

4 . ..3 CALIBRATED MODEL MATCH TO PUMPING TEST DATA 

Ba~;ed on the calibration model runs, parameter values were adjusted, by layer, to obtain accurate 

fits to the pumping test data. Alteration of parameter values in individual cells within model 

lay·~rs was not attempted. Such alterations would likely have provided a doser match to 1he 

'' dat.l, but it was decided that empirical site data did not provide sufficient justification for this 

level of alteration. 

Data from the pumping test were plotted as time series plots for each observation well as shown 

in Figures 3 to 7. Simulated data from the model runs were compared to the field data in the 

time series plots. With a few exceptions, these plots show good matches between calibrated 

model predictions and the field data. The largest deviation of the model prediction from the fidd 

data was about a tenth of a foot. Even wells that show deviation from tht: field data show the 

same trend as the field data. The only well with significant deviation that does not show a 

similar trend is well MW-2D. This well shows a trend of continuing decline at the end of the 

test 1vithClut a tendency for the data to flatten out. This trend is not consistent with other 

obse:·vation wells at the site and may have been the result of a malfunctioning transducer used for 

data ::ollection. 

Tabk 2 provides the fmal values used in the calibrated model for each parameter in each model 

layt!r. Note that most of the input values were not subject to calibration; only hydraulic 
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Model Layer 
Thickness 

Layer (feet) 

TABLE2 
MODEL PARAMETERS 

Horizontal Vertical First Order 
Longitudinal Lateral Vertical 

Hydraulic Hydraulic Specific Rate 
Conductivity Conductivity Storativity Yield Porosity Dispersivity Dispersivity Dispersivity Constant 

Dry Bulk 
Density 

(kg/cubic ft.) (ft/day) (ft/day) (feet) (feet) (feet) (1/day) 
~--~--------~--~~~~====~~~~~===*======*======*========~========~=======*====~==~======~ 

I

I 

2

1 II 

5

1 II o.oo~8 [ o.oo~8l_o._oo_1_~_o_.o_2~_o_.3_s_~ __ 1o __ ~ __ 1_~ __ 1_~ __ o_~ __ s_8_.2_~ 
0.00028 [ . 0.000281 0.001 0.02 0.35 10 1 1 0 58.2 

I 3 I 5 I 0.00028 I 0.00028 I 0.001 I 0.02 1 0.35 I 10 I 1 I 
1 4 1 s 1 o.ooo28 1 o.ooo28 1 o.oo1 1 0.02 1 o.35 -~-----1o-----+----1----+----1----t----o--+---58-.2---~ 

1 0 58.2 

1 s 1 s 1 o.oo~8 
1

1 o.oo~8 
1

1 -~-·o_o1~+1~o·-~~~~~o._35~~~1-.o~~~~1~~~-1~~~-o~~~-s_8._2~ 
1 6 1 8 1 110 17 o.ooo13 0.12 0.3 10 1 0.1 o 56.5 
171 8 1 110 1 17 lo-~~~--o-.1-2--~-o-_-3--~---1-o----~---1----~-o-.-1--~----o--~~-s-6-.s-~ 

~ 
8 1 20 1 110 --l 17 o.ooo13 0.12 o.3 10 1 0.1 o 56.5 

----,--------·--·--·---------+---·------·· - -.. -----+-------+------+-------+-------~-------~-----+----------1 . 9! ~! 250 ! 25 .o.~13.~.12_+,-o_.3~1-_1o_~l __ 1_~! __ o._1_~l __ o_--11--s_6_.s~l 
1 o.ooo13 1 0.12 o.3 10 o.1 o 56.5 10 1 varies 250 25 

p: lprojlgranvilllmodcllrcgiunal\layers. 'Is 8/3/98 
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co nc lucti vity, storativity, and specific yield were included in the model calibration procedure. 

Data were not available to conduct a calibration on the remaining parameters. Model input 

parameters, including those not subject to calibration, are addressed in detail in the sensitivity 

amlysis in Section 5. 
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II 

5.0 SENSITMTY ANALYSIS 

1l1e prir.lary purpose of a sensitivity analysis is to identify those parameters which can have 

significant effects on the conclusions of the model but which are not adequately defmed by model 

calibration (ASTM, 1994). Four types of model parameter sensitivity are commonly considered 

(A.STM, 1994). 

A 1:ype I sensitivity is assigned to a model parameter if its variation causes little or no change in 

eichn the quality of the calibration or the model conclusions. This type of parameter is of no 

cc·ncern because it has no bearing on the model conclusions. 

A model parameter is given a type II sensitivity if its variation causes significant changes in the 

calibration of the model but does not effect the model conclusions. This type of parameter is of 

no cJncern because it does not affect the model conclusions and is generally handled adequat,:!ly 

in the calibration procedure. 

A model parameter has a type III sensitivity if its variation causes significant changes in 1the 

model calibration and corresponding, correlatable changes in the model results. This type of 

parameter is also of no concern as long is it is properly handled by the model calibration. The 

cal.brated model should provide correct simulations with respect to this type of parameter. 

A model parameter has a type IV sensitivity if its variation causes insignificant changes to the 

modd calibration but causes significant changes in the model conclusions. This type of 

sensitivi~>' can invalidate the results of a model because the calibration procedure does not 

adequately address this parameter and variation of the parameter can change the model 

conclusic·ns. This type of parameter must be thoroughly addressed for the simulations to be 

considered valid. 

ThLs section discusses the methods, results, and conclusions of the sensitivity analysis of this 

mod,::l. 

30 



5.1 PARAMETERS VARIED IN SENSITIVITY ANALYSIS 

All of the primary parameters used in the flow and fate and transport models were varied during 

the sensitivity analysis. Th~ effects of this variation with respect to model calibration and 

simulations were recorded. The parameters were then grouped according to the type of 

sensitivity they exhibited. Those identified as having type IV sensitivity were singled out for 

further analysis and discussion. 

Parameters which were varied in the sensitivity analysis included: horizontal hydraulic 

conductivity of the aquifer, vertical hydraulic conductivity of the upper clay soils and of the 

aquifer, storativity, specific yield, porosity, dispersion coefficient, sorption constant, 

degradation, and molecular diffusion. 

5.2 METHODS USED TO COMPLETE THE SENSITIVITY ANALYSIS 

To conduct the sensitivity analysis, it was necessary to establish a base scenario that would result 

in plume generation. Then the plume generated by each model run in which a parameter value 

had been changed could be compared to the base scenario to determine if a significant change in 

the model results had occurred. 

The basic scenario included the pumping the Village of Granville wellfield at an average rate of 

1.5 million gallons per day (mgd) throughout the length of the model run, and pumping EW-2 at 

a rate of 320 gpm for five years with no subsequent pumping. For the purpose of the base 

scenario, TCE was used as a surrogate for the other 18 chemicals of concern. It was necessary 

to select a chemical that was present through a large part of the soil and aquifer system at 

concentrations high enough so that the sensitivity of the parameters would be evaluated. TCE 

was selected because it meets all of the appropriate criteria. 

Each sensitivity simulation was run through 30 years (2.5 years after EW-2 was shut down). 

This scenario does not correspond to any of the alternatives evaluated in Section 6.0. Pumping 

for only five years without any soil remediation was expected to result in plume generation under 
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nearly all values of model input parameters. This was a desirable condition for the sensitivity 

anal:;sis, because it: allowed easy comparison between the outcome for the base scenario and 1he 

outCt)ITle when a given parameter was varied. 

The aquifer concentrations of TCE were recorded for each year in each model layer between five 

ancl cen years after the start of the scenario (between zero and five years after EW -2 was shut 

down), and at 10, 15, 20, 25, and 30 years after each model run began. The: initial head values 

for the start of the simulation were steady state values obtained from a previous steady st1te 

modd run. Figure 8 shows the steady state potentiometric surface for the base scenario layer 6 

of lh:: model. 

Th: model output was evaluated for the location of the 5 1-lg/L plume (plume above MCL for 

TCE\. The maximum extent of the plume in each layer of the aquifer was determined and 

recotde:d for each simulation. In nearly all instances, maximum migration occurred in layer 6 of 

the mode"!, the top layer of the aquifer, but all layers were checked for migration distances. The 

time interval in which the maximum migration occurred was also recorded. If a model 

simu"ation with a varied parameter resulted in a change greater than 50 percent from the base 

model in the distance of maximum plume migration, it was concluded that the given variation in 

the parameter had a significant effect on the model. The distance of migration and shape of the 5 

~gl[ plume [ix the base model, at maximum migration, are presented in Figure 9. 

For parameters which also had an effect on model calibration, the model was run in the sarne 

manner as described in Section 4 with the new parameter value being evaluated for sensitivity. 

The resulting matches to the pumping test data were observed. If the change in the parameter 

caw;ed the match between the pumping test datl and the model prediction to become significantly 

less accurate for more than 50 percent of the observation wells, the parameter variation was 

considered to have significantly affected the model calibration. 
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5.3 RESULTS OF THE SENSITIVITY ANALYSIS 

FoLowing completion of the sensitivity runs, the results of each run, with respect to model 

cali e>ration, were tabulated and a sensitivity type was assigned to each run. Table 3 provides the 

re:;ults of the sensitivity analyses. The parameters analyzed are grouped with respect to their 

type: of sensitivity. Ten model runs for six parameters showed type I sensitivity. The 

parameters showing type I sensitivity were the following: 

• biological degradation (at 0.0002 Llday for sorbed phase and 0.00002 Llday for 

r:onsorbed) 

• longitudinal dispersivity at one fifth the value used in the calibrated model, 

• molecular diffusion at 0.1 times, 10 times and 100 times the value used in the calibrated 

model, 

• porosity at 0.83 times (25 percent) and 1.17 times (35 percent) the value used in the 

calibrated model, 

• sorption constant at five times and one fifth the value used in the cahbrated model, 

• specific yield at 0.5 times and 1.5 times the value used in the calibrated model. 

Stc·rati vity showed type II sensitivity at one tenth and ten times the value used in the calibrated 

modd. Horizontal conductivity in the aquifer showed type m sensitivity when varied between 

three quarters and two times the value used in the calibrated model. Vertical conductivity in 1he 

aquifer also showed type ill sensitivity when varied by an order of magnitude in either direction 

from the value used in the calibrated model. 

The above parameters, with type I, type II, and type III sensitivity, were of no concern with 

res~Jc:ct to the model conclusions. The variation of these parameters either had no influence on 

modd conclusions. or had a significant influence on both the model conclusions and the 

cabbration of the model. 

The following parameters show type IV sensitivity and are of considerable importance to the 

re~;ults of the model: 
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TABLE 3 
RESULTS OF SENSITIVITY ANALYSIS 

Maximum 
Time of 

Varied in 
Parameter Distance of 

Maximum 
Change to 

Change to 
Type of 

Parameter Which lateral Spread Model 
Layers 

Multiplier* Lateral Spread 
(years after 

Calibration 
Conclusions 

Sensitivity 
(ft) 

pump is off) 

Base Model Used for Sensitivity Analysis NA NA 520 NA NA NA NA 

Degradation Constant 1-10 
(s)=0.0002 

485 5 none insignificant type I 
(ns)=O 00002 

Longitudinal Dispersivity 1-10 02X 668 5 none insignificant type 
Molecular Diffusion 1-10 10X 580 8 none insignificant type 
Molecular Diffusion 1-10 100X 537 5 none insignificant type 
Porosity (aquifer) 6-10 1.17X 577 5 insignificant insignificant type 
Porosity (aquifer) 6-10 0.83X 556 5 insignificant insignificant type 
Sorption Constant 1-10 5X 653 15 none insignificant type 
Sorption Constant 1-10 0.2X 347 5 none insignificant type 

Specific Yield (aquifer) 6-10 1.5X 527 5 insignificant insignificant type 
Specific Yield (aquifer) I 6-10 0.5X 666 10 insignificant insignificant type 

Storativity (aquifer) 6-10 0.1X 665 10 significant insignificant type .----
Storativity (aquifer) i 6-10 10X 666 10 significant 1 insignificant type 

Horizontal Hydraulic Conductivity (aquifer) 6-10 2X 1519 10 significant significant type Ill 
Horizontal Hydraulic Conductivity (aquifer) 6-10 0.75X model unstable due to dewatering significant significant type Ill 
Vertical Hydraulic Conductivity (aquifer) 6-10 0.1X 866 10 significant significant type Ill 
Vertical Hydraulic Conductivity (aquifer) 6-10 10X 821 10 significant significant type Ill 

Degradation Constant 1-10 
(s)=0.002 

218 5 none significant type IV 
(ns)=0.0002 

Longitudinal Dispersivity 1-10 5X 250 2 none significant type IV 
Vertical Hydraulic Conductivity (clay) 1-5 0.01X 102 5 insignificant significant type IV 
Vertical Hydraulic Conductivity (clay) 1-5 0.1X 235 5 insignificant significant type IV 
Vertical Hydraulic Conductivity (clay) 1-5 2X 374 5 insignificant significant type IV 

*degradation constants are provided rather than a multiplier for sorbed (s) and non-sorbed (ns)conditions. The calibrated model contained no degradation constant (units are Uday). 

p: lprojlgranv i 11\mouellreg ionallsense. xIs 8/3/98 

file://ill/nioJel/regioiuI/sense.xls


• biological degradation when given values of 0.002 L/day for sorbed and 0.0002 L/day 

for nonsorbed, 

• longitudinal dispersivity when set at five times the value used in the 1:;alibrated model, and 

• vertical hydraulic conductivity of the upper clay soils when set between 0.01 and 2 times 

the value used in the calibrated model. 

The results of the sensitivity analysis for biological degradation suggest that: leaving this factor 

out of the model may result in an over-prediction of impact at the Village of Granville wellfit:!ld 

from the Site. 

Using higher values of longitudinal dispersivity would result in an indication of less impact to the 

welltield from the Site. Lower values of longitudinal dispersivity did not :result in a significant 

inc~ease in plume migration. 

The most important sensitivity in this model is its sensitivity to vertical hydraulic conductivity of 

the upper clay soils. This parameter was varied over a wide range due to the uncertainty in 

methods available to estimate it and the uncertainties associated with the manner in which flow 

through these layers was modeled. Overall, the range of variation in hydraulic conductivity used 

in the sensitivity analysis thoroughly covered the possible outcomes for the leaching of 

contaminant<> from the upper clay soils. 

A wide range of possibilities for contaminant transport through the clay we:re explored in the 

sensi:ivity analysis. When the vertical conductivity of the clay soils was set at 1 x 10-7 em/sec 

(0.00028 ft/day), close to the value obtained from the laboratory vertical pt:!rmeability tests, the 

modd showed a maximum plume migration of only 102 feet after five years of pumping. The 

flux •)f contaminants was barely sufficient, at this value, to create a plume. ':vhen the hydraullic 

cond~Jctivi.ty was increased by a factor of 10 (to 1 x 10-6 em/sec), a small plume extending to a 

ma.ximum distance of 235 feet was formed. Further increasing the conductivity, to the value 

used in the base scenario (5 x 10-6 em/sec), resulted in a maximum plume generation of 520 feet. 

How.:::ver .. a further increase in the vertical conductivity to 2 x 10-5 em/sec then diminished the 

maximum plume extent to 374 feet. Thus, a very large range of possibilities for vertical 
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hydraulic conductivity and resultant contaminant flux was explored. The vertical conductivity 

value used in the base scenario was shown to be approximately the "worst case" value for plume 

generation and migration. 

The reason for the diminishing affect for this parameter beyond a critical value may not be 

apparent from the data presented in Table 3, but is made clear by observing the concentration of 

TCE left in the soils under the various scenarios. With the vertical conductivity of the upper 

clays soils set at a low value (similar to the value obtained from the laboratory permeability 

tests), the flux of TCE from the soils to the aquifer is barely sufficient to form a small plume. 

However, 20 years after pumping stops, the model still indicates a relatively high concentration 

of TCE remaining in the soils. 

With the vertical conductivity of the upper clay soils set at a reasonably high value, of 5 x 10-6 

crnlsec, the flux rate and remaining TCE in the soil after five years of pumping combined to 

produce the maximum plume. As the conductivity was increased further (to 2 x 10-5 em/sec or 

greater) the flux of TCE from the clay soils in the first five years of pumping was high enough 

that the quantity of TCE remaining in the soil when pumping ceased was not sufficient to 

generate a plume as large as that of the calibrated model. For both of these latter cases, the 

concentration of TCE remaining in the clay soils after 20 years is relatively small. 

Two key conclusions can be made as a result of the sensitivity analysis in which the vertical 

conductivity in the upper clay soils was varied. The first conclusion is that uncertainty in the 

vertical permeability of the upper clay soils places it in a type IV sensitivity category. Proper 

choice of values for this parameter is critical for obtaining realistic model results. The second 

conclusion is that a "worst case" value for vertical conductivity of the clay can be obtained for 

each alternative scenario. Thus, even though a high degree of uncertainty is present regarding 

contaminant flux from the upper soils, alternative scenarios can be compared in terms of worst 

cases. This is the methodology that was adopted for the final stage of the modeling, as 

discussed in Section 6. 
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5.4 FACTORS NOT CONSIDERED IN THE SENSITIVITY ANALYSIS 

Only those factors which can properly be included in groundwater flow and contaminant fate and 

tramport models were considered in the sensitivity analysis. Other factors, though they may 

have a b~ar:ing on an overall remediation strategy, could not be evaluated by this model. The 

most important such factor is the chance that DNAPLs may be present in the soils. The boring 

prcgram at the Site involved close spacing of boring locations and specialized techniques were 

used to detect Dense Non-Aqueous Phase Liquids (DNAPLs). DNAPLs have not been 

positively identified or confirmed at any location at the Granville Solvents Site using approved 

U. S. EPA methods. An anomaly exists between the field screening and laboratory analytieal 

results. The experimental field screening results are not consistent with the :results obtained from 

the U.S. EPA-approved analytical methods used to analyze these soils. In most cases where the 

screening results indicate the presence of DNAPLs, the approved analytical methods demonstrate 

an absence of contaminants or low concentration of contaminants. 

How·~ver, if DNAPL were to be present, it could change conclusions based on the results of the 

model mns in ways not subject to sensitivity control. The presence of DN.A.PL would not affe:ct 

each scenario equally. Changes in the model-based conclusions that would stem from tlhe 

presence of DNAPLs are discussed with each alternative presented in Section 6. 
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6.0 EVALUATION OF ALTERNATIVES 

Three alternative scenarios with different methods of treatment for the upper clay soils and the 

aquifer are presented in this section. The alternatives are compared using the calibrated flow 

mcdel discussed above. In all simulations, the Village of Granville wellfield was pumped at a 

cc·nstant rate of 1.5 mgd distributed among the three pumping wells (PW-2, PW-3, and PW-4). 

Th~ type IV sensitivity to vertical hydraulic conductivity discussed in Section 5 was 

independently evaluated for all but the no-action alternative. The potential effect of DNAPLs in 

th•;: soils was evaluated for each alternative. 

6.1 AI .. TERNATIVE 1- NO ACTION 

Th.is alternative is presented only for comparison. The alternative involve.s an end to pumping 

from extraction wells at the Site and the movement of contaminated groundwater toward the 

ViLlage of Granville wellfield. The calibrated model, with the upper clay soil vertical 

11 conductivity set at lx10·5 em/sec (0.028 ftlday) was used for the initial simulation. The initial 

concentrations of the chlorinated and nonchlorinated VOCs used for the aquifer in the calibrated 

model were based on groundwater quality data obtained prior to the installat:lon of the pump-and

treat remediation system. Given that the pump and treat system has removed some of the 

chemical mass in three years of operation, the plume generation indicated for this scenario is 

probably overestimated. 

To e·;aluate this alternative, TCE was first used in the model simulation. The results of this 

simulation indicated the arrival of groundwater above 5 11g/L in TCE concentrations at the 

Village of Granville wellfield (well PW-2) within 6 years. The TCE impact (above 5 Jlg/L) 

sp:rea:ls to well PW-3 and continues through the 30 year period of the simulation. Well PWA 

was not impacted in this simulation, because wells PW-2 and PW-3 intercepted the plume. 

Reali;tica:!ly, if wells PW-2 and PW-3 were to become impacted, those wells would be 

sequentially shut down and well PW -4 would become impacted. 

40 



The results of the simulation indicated that TCE would impact the well field. This alternative, 

thus, is believed to not meet the requirements of the AOC. As such, no other chlorinated or 

nonchlorinated VOCs were simulated in the model. 

6.2 ALTERNATIVE 2- MAINTENANCE PUMPING 

The calibrated model was used to evaluate the alternative in which extraction well EW-2 is 

pumped at 320 gpm for 5 years and then pumped at a maintenance level of 40 gpm for an 

additional 15 years. Flux from the clay soils to the pumping well was allowed over the entire 

model run. 

This alternative involves remediation of the soils by extracting chemicals of concern as they 

leach from the soil. The alternative is essentially one of waiting for a sufficient time period that 

the chemicals of concern dissipate and are no longer at a sufficient concentration to generate a 

groundwater plume. The choice of 15 years of maintenance pumping is arbitrary. In actual 

practice, the maintenance pumping would continue until soil contaminants will no longer 

generate impact to the aquifer. 

The impact to the aquifer was evaluated by observing the modeled plume development in the 

aquifer west of the Site (in the direction of the Village of Granville Wellfield). The existing 

interceptor well EW-1 is located in a direct line between the Site and the Village of Granville 

Wellfield. A groundwater contaminant plume directed from the Site toward the Village of 

Granville Wellfield would have to pass EW-1. Capture of such a plume by EW-1 has been 

demonstrated through the current pump and treat effort. Given that EW -1 will remain in place 

and connected to the treatment system located at the Site .. groundwater impact between the Site 

and EW -1 is of no consequence with respect to contamination of the Village of Granville 

Wellfield. At any point in time at which a groundwater contaminant plume in excess of drinking 

water standards reaches the distance of EW -1, the plume could be captured, contained, and 

('/ 

remediated by pumping at EW -1. --~~-herefore, th~--~o~_pliance zone in this aquifer was set at 

EW-1 and the areas around EW-1 which are within it:; capture zone. 
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From the modeling perspective, this required the placement of observation points (or wells) in 

the model at the distance of EW-1 from the Site and within the capture zone of EW-1. These 

observation points were monitored for each model run to establish when and where maximum 

groundwater concentrations passed the compliance zone. For any model run, if the concentration 

of a given contaminant exceeded the MCL at the above defmed compliance point, signific~\ 
impact to the aquifer was considered to have occurred. l 

For the real world application of this remedial strategy, an impact to the aquifer would simply 

require the restart of EW-1 to capture, control and remediate the plume. Thus, it should be 

undtrstood, that the placement of the compliance zone at the distance of EW-1 from the Site in 

no way endangers the Village of Granville Wellfield. The compliance point placement simply 

prc,vides a trigger location that will allow containment of any potential plume that develops in 

excess of the MCLs for a given chemical of concern. 

The transport of chemicals of concern from soil to the aquifer was modeled using the methods 

described above. In all cases, the critical parameter in the modeling effort was the upper clay 

soil ve1tical hydraulic conductivity. As discussed in Section 5, there is a type N parameter, and 

an appropriate estimate of its value is critical for determining whether a given chemical of 

concern will impact the aquifer following the end of the pumping strategy defmed above. To 

obtain the highest level of confidence in the modeling results, a "worst case" vertical hydraulic 

conductivity was developed. 

TCE was used as an example compound to describe modeling results for this alternative. 

Verti:::al hydraulic conductivity values within the range of 1 x 10-5 em/sec to 1 x 10·7 em/sec 

were evaluated to establish the point of maximum potential for impact to the aquifer. 

The ~imulation using a vertical hydraulic conductivity in the upper soils of 1 x 10-5 em/sec 

resuhed in no regeneration of the 5 ).lg/L plume after pumping ceased in 20 years. Only a small 

mass of TCE remained in the upper clay soils after 30 years. The maximum TCE concentration 

in tht~ pore water of the clay soil was 60 ~tg/L after 20 years and declined to 18 ).lg/L after 30 

years. 
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The simulation using a vertical hydraulic conductivity for the upper clay soils of 1 x 10-6 em/sec 

resulted in slight plume regeneration after 20 years of pumping. The maximum horizontal extent 

of the 5 J.lg/L plume was 125 feet from the edge of tlle impacted clay soil and remained within 

the bounds of the Site (approximately one-fourth of the distance to the compliance zone). The 

maximum depth of the 5 ~tg/L plume was 885 feet amsl or about 15 feet below the top of the 

aquifer. After 20 years, the maximum TCE concentration in the upper clay soil pore water was 

200 J.lg/L. After 30 years the maximum concentration had declined to 160 J.lg/L. 

The simulation using a vertical hydraulic conductivity in the upper clay soils of 1 x 10-7 em/sec 

(approximately the value obtained from the laboratory vertical permeability tests) resulted in a 

slight plume regeneration after 30 years. The maximum extent of the 5 J.lg/L plume was 

approximately 90 feet. However, a relatively large concentration of TCE remained in the soils 

after 30 years (1,600 J.lg/kg). To ensure that the plume would not extend farther after 30 years, 

the simulation was continued to 60 years. The maximum plume extent after 32 years was 105 

feet, and its maximum depth was to elevation 889 feet amsl, or about 11 feet below the top of the 

aquifer. At 60 years in the simulation, the maximum TCE concentration was 1,000 J.lg/kg in the 

upper clay soils. 

The range of values for vertical conductivity of the upper clay soils was sufficient to include all 

reasonable outcomes on which to base conclusions. Conductivities higher than 1 x 10-5 em/sec 

would result in no plume regeneration at 20 years due to the small TCE mass remaining in the 

clay soils after 20 years of leaching. Conductivities lower than 1 x 10-7 em/sec would result in 

little or no plume generation due to the very slow additiion of TCE from the upper clay soils. 

The plume resulting from simulation with a vertical conductivity of 1 x 10-6 em/sec for the upper 

clay soils was the largest for the three simulations and represents the "worst case" scenario for 

these alternatives. That scenario resulted in a small plume that remained confmed to the Site 

property. 

Results similar to those described above can be detailed for any of the chemicals of concern. For 

most chemicals of concern, no plume will be generated at all following a 15 year maintenance 

pumping. Known soil concentrations of chemicals of concern will not exceed MCLs at the 
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compliance zone under this scenario. The required period of maintenance pumping varies from 

no maintenance pumping up to 15 years or more of pumping. 

The 1ffects of potential DNAPLs on the outcome of this scenario could be significant. The affi!ct 

on each of the three simulations would be to provide more TCE mass in the soil at the end of the 

20 yt!ar period. In all simulations, this would result in the generation of a larger plume. 

6.3 ALTERNATIVE 3 - SOIL TREATMENT 

Thjs alternative involved soil treatment in addition to the aggressive pumping of EW -2 at 320 

gpm for 5 years without subsequent maintenance pumping. The impacts of 19 contaminants in 

soil :~t various concentrations on the groundwater system were evaluated using the calibrated 

modd discussed above. As a result of the evaluations, a soil treatment criterion for each 

individual chemical of concern was developed and the treatment area for c:hemkals of concern 

that exceeded treatment criteria was established. 

6.3.1 Methods t:sed to Develop Individual Treatment Criteria 

The treatment criterion for each individual chemkal of concern was developed by evaluating the 

simulated results from systematic transport-model runs. With a series of trials at various initial 

concentrarions of chemicals of concern in the overlying clay soil, individual contaminant plumes 

in groundwater system were simulated for 25 years after pumping stopped. The impact of each 

chemical of concern on the groundwater system was then evaluated and its treatment criterion in 

soil was determined based on the impact to the aquifer. Impact to the aquifer was evaluated as 

discu:;sed in Section 6.2. 

For each model run, time series plots of contamjnant concentration were developed for all areas 

of U1f cor:1pliance zone. If a given contaminant concentration exceeded its MCL at any time im 

any location within the compliance zone, the contamjnant was considered to have impacted the 

aquift~r. 
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The procedure used to define soil treatment criteria for each of the 19 chemicals of concern was 

completed in the following steps: 

1) Determine the chemicals of concern that, using the existing soil concentrations, will generate 

a groundwater contaminant plume that will exceed the MCL at the compliance zone. 

2) Develop treatment criteria for those chemicals of concern that impacted the aquifer. The 

treatment criteria define the concentration of the chemical which could remain in the upper 

clay soils and not result in the formation of a groundwater contaminant plume that exceeds 

the MCL at the compliance zone. The treatment criteria were developed through simulating 

the plumes of each contaminant at a series of reduced initial concentrations in the upper soil. 

3) Delineate a treatment area where the measured concentrations for each contaminant were 

greater than the established treatment criterion. 

4) Develop treatment criteria for those compounds that were found to not impact the aquifer at 

the existing concentrations in the upper clay soils. The treatment criteria for these 

compounds was established by systematically increasing the concentration of a given 

contaminant of concern until the model indicated an impact to the aquifer. 

Step 1 of this procedure is discussed in the Section 6. 3. 2, steps 2 and 3 are discussed in Section 

6.3.3, and step 4 is discussed in the Section 6.3.4. 

6.3.2 Establishing Chemicals of Concern Exceeding MCLs 

The fate and transport of 19 contaminants listed in 3.3.2 was simulated for a 25-year period after 

the 5-year pumping of well EW -1 at 320 gpm without maintenance pumping or soil treatment. 

As discussed in Sensitivity Analysis, Section 5, the vertical hydraulic conductivity in the upper 

clay unit is a type IV parameter critical to model predictions. To establish a "worst case" 

contaminant plume for each of the 19 compounds modeled, the vertical hydraulic conductivity of 

the upper clay soils was varied over a broad range (3 orders of magnitude). For all chemicals of 

concern, the plume generation in the aquifer increased with increasing vertical hydraulic 

conductivity to a maximum point and then declined with further increases in hydraulic 
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conductivity. Thus, a "worst case" plume could easily be identified for each modeled 

compound. 

The actual vertical hydraulic conductivity that induced a "worst case" plume differed over a 

rar.ge of greater than 2 orders of magnitude among the 19 chemicals of concern. Therefore, 

whiL:: some parameters generated their "worst case" plume at higher vertical hydraulic 

conductivities others exhibited a "worst case" plume at conductivities a full 2 orders of 

magnitude lower. As stated previously, the actual value for vertical hydraulic conductivity of the 

upper clay soils is difficult to pinpoint. However, it can be stated with great certainty that the 

conductivity of the soil is not simultaneously high and low (for a silty clay soil). Thus, the 

method of always choosing the "worst case" vertical hydraulic conductivity for each chemical of 

concern can be seen to provide a conservative bias in favor of protecting the Village of Granville 

We II field. This "worst case" selection procedure exaggerates the effects of most chemicals of 

concern, and in no case does it under-predict the effects. 

All the simulation results are summarized in Table 4. Of the 19 chemicals of concern, four 

chlorinated solvent-; (TCE, PCE, VC and methylene chloride) developed plumes in the aquifer 

with concentrations at or higher than their MCLs (5 )lg/L for TCE and PCE, 2 )lg/L for VC, 

and ·L 1 ~tg/L for methylene chloride). For the rest of contaminants, no plume greater than or 

equa. to its MCL was generated in the aquifer, and most of them are even less. 

For TCE and PCE, the simulation with a vertical hydraulic conductivity of 5 x 10-6 em/sec in the 

upper clay soil resulted in the largest plume development in the aquifer. The maximum extent of 

the r lume was 520 feet for TCE and 695 feet for PCE from the source. This maximum TCE 

and PCE lateral spreading (Figures 9 and 10) occurred in 11 years and 15 years, respectively. 

TLe plumes reached the maximum depths in 9 years at 870 feet amsl (30 feet below the top of 

the aquifer) for TCE and at 864 feet amsl (36 feet below the top of the aquifer) for PCE. Both 

plu11es in the aquifi!r, however, were attenuated afterwards. The attenuation of both plumes may 

be cc.used by (1) a low quantity of contaminants remaining in the soil, which is barely sufficient 

to ~.upport the plume development continuously and (2) a low concentration of plume itself, lt!ss 

than 20 )lg/L at any location within the aquifer for both TCE and PCE. 
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TABLE4 

SIMULATION RESULTS FOR 19 CONTAMINANTS 
WITHOUT SOIL TREATMENT 

Max. Distance Time of Max. 
Chemical of K, (cm/s) Max. Concentration of Lateral Spread Lateral Spread 

Concern in Aquifer (ug/L) in Aquifer (ft) (year) 
(plume> MCL) 

-5 X 10_, 4.5 8 
111-TCA 5 x 1 o-'3 5 No Plume 6 

1 X 10-5 4 5 
-

1 X 10-a 2 12 
112-TCA 5 x 1 o-8 2.5 No Plume 11 

1 x 1 o-7 2 9 
-

1 X 10-8 3 11 
11-DCA 5 X 10-ll 3.5 No Plume 10 

1 X 10-7 3 9 
-

1 X 10-ll 4 11 
11-DCE 5 X 10-8 4.5 No Plume 10 

7 X 10-8 4 10 

1 X 10-8 9 10 
2-Butanone 5 X 10-13 12 No Plume 9 

1 X 10-7 7 7 
+-·-

1 X 10"13 200 8 
Acetone 5 X 10-8 250 No Plume 7 

1 X 10_., 
! 

200 6 
-r---

1 x 1 o-a 2.5 13 
Benzene 5 X 10-8 3 No Plume 12 

1 x 1 o-? 2.5 I 11 

5 X 10-Ei 1.8 I 9 
Carbon 7 X 10-6 2 No Plume 9 

Disulfide 1 X 1 0-ti 2 i 9 
~r---

1 x 1 o-Il 2.5 
! 

11 
Chlorobenzene 5 X 10-B 3 No Plume 10 

1 x 1 o<' 2.5 9 
j 

I 3 x 1 o-Il 2.5 11 
Chloroform 

I 

5 x 1 o-s 3 No Plume 10 

I 
7 x 1 o-s 2.5 

I 
10 
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TABLE 4 (Continued) 

SIMULATION RESULTS FOR 19 CONTAMINANTS 
WITHOUT SOIL TREATMENT 

- Max. Distance Time of Max. 
Organic Kv (cm/s) Max. Concentration of Lateral Spread Lateral Spread 

Compounds in Aquifer (ug!L) in Aquifer (ft) (year) 
(plume> MCL) 

3 X 10-" 1.8 11 
cis-DCE 5 X 10-8 1.8 No Plume 10 

1 X 10-7 1.6 9 
·----

1 X 10-6 2 7 
Ethylbenzene 5 X 10~ 3 No Plume 7 

1 X 10-S 2.5 6 
·----

1 X 10-8 7 105 10 
Methylene 3 X 10-8 7 113 9 
Chloride 5 X 10-8 7 104 9 

3 X 10~ 20 600 14 
PCE 5 X 10-6 18 695 15 

7 X 10-6 16 685 14 
1 X 10-5 8 545 12 

1 X 10~ 4.5 6 
TCIIuene 5 X 10-6 4.5 No Plume 6 

1 X 10-5 4 5 

3 X 10-8 1.8 18 
trans-DCE 5 X 10-8 2 No Plume 12 

1 x 1 o-7 1.8 11 

1 X 10~ 18 391 11 
3 X 10~ 20 495 11 

TCE 5 X 10~ 18 520 11 
7 X 10~ 18 495 11 
1 X 10-5 16 385 9 
2 X 10-5 8 100 6 

1 X 10-8 4.5 182 12 
vc 3 X 10-8 8 337 10 

5 X 10-8 6 317 9 
----

1 X 10-8 2 11 
Xylene 5 X 10-8 2.5 No Plume 10 

1 X 10-7 2 9 --

Run# 

00-2 
00-3 

0 

1 
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00 
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The maximum pore water concentration remaining in the upper clay unit after 10 years for TCE 

and 15 years for PCE was 250 f.lg/L. At 20 years, the maximum TCE and PCE concentrations 

in the upper clay unit were 70 f.lg/L and 140 f.lg/L, and at 30 years were I6 f.lg/L and 50 f...Lg/L, 

respectively. 

The largest 2 f.lg/L (MCL) plume of VC resulted from the simulation with a vertical hydraulic 

conductivity of 3 x 10-8 em/sec in upper clay unit. This plume was relatively small compared to 

TCE and PCE plumes but larger than the methylene chloride plume. The VC plume reached the 

maximum extent of 337 feet laterally in 10 years (Figure 11) and the maximum depth of 877 feet 

arnsl or 23 feet below the top of aquifer vertically in 9 years. The VC plume was naturally 

attenuated after 10 years and disappeared within 22 years. The VC attenuation after 10 years is 

probably due to (1) a low flux from the upper clay unit that is controlled by the vertical hydraulic 

ccnductiviry of 3 x 10-8 em/sec and (2) a low concentration (8 f.lg/L in 10 years) of VC plume 

itsdf in aquifer. 

The max1mum VC concentration remaining in the upper clay unit was 800 ~tg/L in 10 years, 450 

).lg:;L in 20 years, and 250 f.lg/L in 30 years, which is relatively higher than TCE and PCE 

cor:.c,~ntrations predicted for the upper clay unit. This higher concentration results from the 

relatively low vertical hydraulic conductivity required in the upper clay unit to provide a "worst 

case'' VC plume. At vertical hydraulic conductivity values that provided the "worst case'' 

plumes for TCE and PCE, the VC becomes dissipated in the soils during the five year period 

prior to the shut down of the aggressive groundwater pumping system and it generates no plume 

in the aquifer when the pumping ceases. 

The: ~.l J-tg/L (MCL) plume of methylene chloride is the smallest one, compared to the TCE, 

PCE and VC plumes. The methylene chloride plume predicted with a vertical hydraulic 

conductivity of 3 x 10-8 em/sec reached the maximum extent of 113 feet at 9 years, attenuated 

quickly a::'ter 9 years, and disappeared within 15 years. The methylene chloride plume migrated 

in the way similar to the VC plume, but formed a much smaller plume than the VC plume. 
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ill 

At the compliance zone, the changes in TCE, PCE and VC concentrations with time are 

illustrated in breakthrough curves shown in Figures 12, 13, and 14, respectively. The 

breakthreugh curves were evaluated in layer 6 of the model where the plumes spread the 

furthest. 

Of all the chemicals of concern, four chlorinated solvents exceeded or approached the MCLs at 

the compliance zone. The maximum concentrations of PCE in the breakthrough curves was 6.1 

pg'L. The maximum concentration of TCE was 4.8 Jlg/L. The extent of the 5 Jlg/L PCE plume 

in Figure 10 and TCE plume in Figure 9 also show that the plumes extend beyond or near to the 

com::~liance zone. By the criteria developed above, PCE at its current starting soil concentration 

resu[ted in a concentration in groundwater exceeding the MCL. TCE approached the MCL at 

the compliance zone. The VC concentration in the breakthrough curve only reached 1.1 !J.g/L. 

VC never approached the MCL at the compliance zone and began to attenuate after 10 years. 

Therefor.;:, VC was not considered to have impacted the aquifer. The concentration of methylene 

chJoride in the breakthrough curve is less than 1 Jlg/L. Methylene chloride never approached the 

MCL at the compliance zone. The plume developed only at a limited a:rea near the Site and 

disappeared within 15 years. Methylene chloride was also not considered to impact to the 

aquifer. 

A:s repm1ed in Section 3.2.6, the critical values of the vertical hydrauli;; conductivity in the 

uppe-r clay unit are 5 x 10-6 em/sec for the TCE and PCE plumes and 3 x w-n em/sec for the VC 

plume and methylene chloride. As listed in Table 4, simulations with vertical hydraulic 

conductivity, either greater or less than the critical values, predicted relal:ively small plumes. 

The rea:~on that the vertical hydraulic conductivity in the upper clay unit controls the 

deve Iopment of the plume was discussed in the Section 5. The comparisons in this section are 

ba~;ed on the "worst case" plumes predicted with critical values of vertical hydraulic 

conducti\'ity. In re:ality, if the vertical hydraulic conductivity were close tc' the critical value for 

on~~ contaminant, it would be far from the critical values for other contaminants. Therefore, in 

no case would the maximum plume size be generated for both TCE/PCE and VC/methylene 

d~oricle i.n this groundwater system. 
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lj,l I 

ti .3.3 Treatment Criteria for TCE and PCE 

:vlodd ing results indicate that two chlorinated solvents, TCE and PCE. impact the aquifer at 

Llmcemra::ions at or exceeding their respective MCLs. To define the treatment criteria for these 

m o conpound.s. simulations with a series of reduced initial concentrations in the upper clay unic 

\I. ere ccnducted using the same model scenario (the 5-year pumping of EW-2 a1: 320 gpm). The 

CJ'ltical value of vertical hydraulic conductivity (5 x 10-6 em/sec) was assigned in the model for 

b•Jth TCE and PCE, again to defme a "worst case" plume. 

-~he highest :oncentrarions of TCE and PCE in the upper soil pore water were between 5000 and 

CiiJOO 1-1g/L (as defmed by the soil investigation). A series of reduced soil pore water 

c 'mce:ntral:ions were thus set as maximum allowed concentrations at 5000, 4000. 3000. 2000, and 

: •:oo ..!);/~:..... respectively. The new assigrunent of initial concentration in the existing griddecl 

input. :i e w.::ts conducted by examining the initial concentration of every cell at. each upper clay 

5oil lc.yer ([ayers 2·-5). If the existing concentration in any cell was higt.er than the given 

rr.:Lximum allowed concentration, the TCE or PCE concentration in that cell was assigned the 

rraxirnum allowed concentration. The new initial concentration file, with the constraint of the: 

~::ven maximum allowed concentration, was imported into the model layer by layer. 

~·Jb!e 5 summarizes both the simulation results for TCE and PCE and provides the highes:t 

c oncent~at:ions present at the compliance zone as defmed by breakthrough curves. For PCE, the: 

s irnularions with initial concentrations of 5000 and 4000 j.lg/L resulted in 5 j.lg/L plumes beyond 

trc~ corrpliance zone. The highest concentrations in the breakthrough curves also exceeded the 

MCL at the compliance zone. However, the model with a maximum allowable concentration of 

:.ooo ~Lg/L predicted no exceedance of the 5 J.Lg!L MCL ar rhe compliance zone. Ar the level of 

:,I)QQ ;.tg/L the simulated plume had a maximum extent of 508 feet at 12 years (figure 15). 

cl mirjshed gradually after 12 years, and finally disappearing by 28 years. The model predictec~ 

t:·:<tent c f !:he plume over time is illustrated in Appendix B. The breakthrough curve (figure 16;, 

~ ho\v5 that the maximum concentration at the compliance zone was less than the 5 ~tg/L .MCL. 

-~her~:::cre. che level of 3000 J.Lg/L was selecred as a trearmem criterion tor PCE. Similar 

~ imulations were conducted for TCE. All the simulation results indicated that Ihe level of 5000 

~t§:/L is acceptable as a treatment criterion for TCE (See Figures 17 and 18, Appendix B). 
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Chemical 
Compounds 

PCE 

TC'E 

TABLE 5 

SIMULATION RESULTS FOn TCE AND PCE 
WITII REDUCED INITIAL CONCENTRATION 

1\-hlx. Initial Max. Oistance Time of Max. 
Soil Pore Water Max. Concentration of Lateral Spread Lateral Spread 
Concentration in Aquifer (ug/L) in Aquifer (ft) (year) 

(ug/L) (plume> MCL) 

5000 20 682 15 
4000 20 643 14 
3000 20 508 12 

2000 18 426 11 

1000 12 312 10 
-

5000 20 486 11 
4000 18 470 11 
3000 18 442 11 

2000 16 380 10 

1000 10 271 9 

Max. Concentration 
at Compliance Zone 

(ug/L) 

5.9 
5.5 

4.9 

4.1 

3 
·-

4.5 

4.3 

4.2 

3.5 

2.3 
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The initial pore water concentration of TCE and PCE in the upper clay unit was converted back 

to the soil concentration (as would be measured by a laboratory for soil samples) based on 

Equ<ttion 1. Con·esponding to the pore water concentrations at 5000 and 3000 j.lg/L, the 

treat:nent criteria for soil concentrations are 6670 j.lg/kg (TCE) and 5530 j..tg/kg (PCE). 

Scil w:ith TCE and PCE concentrations greater than 6670 j.lg/kg and 5530 ~g/kg, respectively, 

ha\'e the potential to impact the groundwater system at the compliance zone. This result does not 

indicate that these soil concentrations will impact the Village of Granville \Vellfield. It indicaJ:es 

thac the model, with a large conservative bias, predicts an exceedance of the MCLs for these 

compounds at a distance from the Site where capture, containment, and remediation by EW -1 is 

still possible. 

The portion of t11e site where TCE or PCE soil concentrations exceeded the above defined 

treatment criteria are illustrated in Figure 19. Exceedances of the treatment criteria for TCE and 

PCE at any vertical location within the soils results in the inclusion of the corresponding 

hori2ontal area. Thus, soil exceedances of TCE or PCE occur at some location beneath the 

outline defmed in Figure 19. To treat the affected soil, the area was determined as a treatment 

area. 

6.3.41. Maximwn Concentrations for the Remaining Chemicals of Concent 

To be consistent with the cleanup criteria for TCE and PCE developed in the Section 6.3.3, the 

maximum concentrations allowed in the treatment area was determined for the chemicals of 

cono~m that were not found to impact the aquifer at their existing soil concentrations. Seventeen 

of the 19 chemicals of concern fall into this group. Treatment criteria for these 17 chemicals of 

coLc::m are established in this section. 

The lirst ~tep in establishing treatment criteria for the remaining 17 chemicals of concern was to 

det·~Imine a critical value of vertical hydraulic conductivity for the uppc::r clay at which the 

max.imun'. plume was generated for each chemical of concern. This was done by altering the 

verti::al hydraulic conductivity of the soil through a range of 1 x 10-5 em/sec to 1 x 10-8 em/sec 
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., 

for ~:ach chemical of concern (in the same manner as discussed above for TCE, PCE, VC, and 

rr:.ethylene chloride). The critical values for vertical hydraulic conductivity of the 17 compounds 

varied widely from 5 x 10.o em/sec to 3 x 10·8 em/sec. The results are listed in Table 6. 

Once rhe critical values of the vertical hydraulic conductivity were determined for each chemical 

of ::one em, the treatment criterion for each chemical of concern was determined by 

sy~;t.~matically increasing the concentration of the chemical within the model until a point was 

reached at which the model predicted an exceedance of the MCL at the compliance zone. The 

concentration of a given chemical was increased uniformly in each cell and layer of the model 

representing the upper clay soils. The area within which the concentration was adjusted upward 

was the area identified in Section 6.3.3 for treatment. This area approximately represents the 

area of PCE and TCE contamination at the Site. 

TJ:1e simulation results are summarized in Table 6 which lists the maximum concentration 

allowed in the upper soil unit in the treatment area. The soil concentration (comparable to a 

laboratory reported concentration for a soil sample) for each compound was calculated from the 

po n: water concentration based on Equation 1 and is listed in Table 7. 

The actual soil concentrations of the 17 chemicals of concern, found during the soil investigation, 

are much smaller than the maximum allowed soil concentrations shown in Taole 7. The 

ind.ividual maximum allowed concentrations, developed in this section for each chemical of 

concern, provide a treatment criterion, regardless of whether the chemicals were detected above 

or bdow this standard in the soil investigation. 

6.3 . .5. Effects of Potential Presence of DNAPLs for Soil Treatment Scelllario 

T::1e effe::ts of the potential presence of DNAPLs for the soil treatment scenario are minimal. 

Soil treatment in the area of PCE and TCE impact (identified in Section 6.3.3) will address the 

most contaminated soils on the site. The soil investigation did not encounter evidence of 

DN,\.PL in the upper soils. However, if DNAPL were present in the soils, it would be present 

in the area where the soil impact is greatest and this area coincides wi1:h the treatment area 
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TABLE6 

Sll\lllLATlON RESULTS FOR INSIGNIFICANTLY-IMPACTING CONTANIINANTS 
WITH MAXIMUM ALLOWED INITIAL CONCENTRATIONS 

Max. Soil Pore Water Max. Distance ~=~~:··--[~ v (':m/s) Concentration Allowed Max. Concentration of Lateral Spread 
Cornp11unt',~: in Treatment Area in Aquifer (ug/L) in Aquifer (ft) 

(mg/L) (plume> MCL} 

-= 111 ·-'1 :C A ====r- ~ 
IJ2.:J CA . E 

-
i X 10"6 100 900 515 

I X 10"9 6 30 501 

11-D::A 5 X 10"3 120 600 517 

11-D::JE 5 X 10"8 8 40 520 

X 10"8 2000 9000 468 

X 10"8 800 3500 501 

Bt·nz ·ne 5 X 10·!1 6 30 512 

Carbon ll is ul i!le 7 X 10"6 1.6 25 510 

Chlorob··nt.erlt: 5 X 10"1; 120 600 511 

Chloro 'rlrnl 5 x :o·& 120 600 519 

cis-D·:·E 5 x 1 o·a 90 450 536 

x 1 o·6 214 
h 2000 359 JEthylbt: l:lerJt· 5 

Melllylene ::h1tw1de 3 x 1 o·a 6.5 30 510 

Tolut Jte 5 X 10"6 500 4000 505 

trans-liCE 5 X 10"8 130 600 510 

\'C 3 X "10"8 2.2 12 523 

X "10"8 1590 
.. 

900 No Plume Xyle11e 5 

• No i::i'CL~,;~h.;~b;H:;":~)ped for these compounds. MCLs were calculated usmg standard EPA methods. 

•• These rna>: rnun I lOrE .v lter concentrations are solubilities of the compounds . 

............... 

-

Time of Max. Simulated Max. 
Lateral Spread Concentrations 

(year) in Compliance Zone 
(ug/L) 

11 185 

12 4.5 

12 93 

11 6.5 

10 1600 

10 600 

12 4.5 

12 4.7 

12 90 

12 90 

12 68 

10 400 

12 3.5 

11 900 

13 90 

11 1.9 

10 350 

MCL 
(ug/L) 

200 

5 

100* 

7 

1900* 

700* 

5 

5* 

100 

100 

70 

700 

4.1 

1000 

100 

2 

10000 



TABLE7 

SUMMARY OF TREATMENT CRITERIA 

Chemical of Concern Soil Treatment Criteria (mg!L) 

111-TCA 148 

112-TCA 4 

11-DCA 59 

11-DCE 3 

2-Butanone 360 

Acetone 139 

Benzene 3 

Carbon disulfide 3 

Cblorobenzene 66 

Chloroform 62 

cis-DCE 49 

Ethylbenz. 320 

Methylene Chloride 1.6 

PCE 5.53 

Toluene 725 

trans-DCE 95 

TCE 6.67 

vc 0.44 

Xylene 907 

P \:> CJigra"v 11\rHXlttllreqtOf'laiUaOies.xls 5/13/98 



identi1"ied for PCE and TCE. All of the soil treatment options evaluated in the EE/CA wiJI 

pr')'tide a level of treatment effective for removing potential residual DNAPL that may exist but 

wt~nt undetected. 

6.4 ALTERNATIVES EVALUATION CONCLUSIONS 

Thr;;:e alternative scenarios were simulated through systematic model runs. Of the three 

alternatives evaluated, only the no action alternative is unacceptable. This c:onclusion is based on 

evlluation of the alternatives using a calibrated groundwater flow model combined with a 

contaminant fate and transport model. The sensitivity of the model was thoroughly evaluated 

pnor to simulating the alternative scenarios. The primary parameter with type IV sensitivity was 

the vertical hydraulic conductivity of the impacted upper clay soils. The uncertainty introduced 

by this parameter was carefully controlled as part of the simulation of alternatives, and only 

"•,ve-rst case'' soil permeability values were used for evaluation of each individual chemical of 

concern. 

As a result of evaluation of alternative 3, individual treatment criteria for 19 contaminant 

compounds were developed based on the impact on groundwater at the compliance zone as 

prec.icted by the fate and transport model. Two chlorinated solvents (TCE and PCE) were found 

to exceed the treatment criteria. 

The area identified for treatment included all horizontal locations where the soil concentration of 

PCE or TCE exceeded the respective treatment criteria anywhere within the vertical clay soil 

column. The soil concentrations for the remaining 17 chemicals of concern were much smaller 

tran their respective treatment criteria developed in Section 6.3.4. The simulation with no soil 

rr.:m::diat:.on for these contaminants predicted no impact on groundwater at 1:he compliance zone. 

In reneral, these compounds provided no groundwater plumes in excess of their MCLs even 

d!.re::tly ·~mder the contaminated soils. 

The effects of potential residual DNAPLs in the upper clay soil were not directly evaluated by . ._.,.. 

the modd. However the potential presence of DNAPLs was evaluated qualitatively outside of 
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the modeling effort for each alternative. It was determined that alternative 2 (maintenance 

pumping to year 20 with no active soil remediation) was relatively sensitive to potential 

DNAPLs. while alternative 3 with soil remediation to individual treatment criteria is not likely to 

be ~;ensitive to residual DNAPLs. The no-action alternative was also not sensitive to the 

pmential of residual DNAPL, because the model indicated impact to the Village of Granville 

\Vellfielcl with or without potential DNAPL. 
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7.0 SUMMARY 

1 . A groundwater flow model combined with a contaminant fate and transport model was 

used in evaluating three alternative scenarios and for developing individual soil treatment 

goals for the remediation of impacted soils and groundwater at the Site. The flow model 

was calibrated based on a 98-hour pumping test conducted at the Sit·e in 1995. Calibration 

c·f the fate and transport model was not possible. A sensitivity analysis was conducted on 

the combined flow and fate and transport models to help determine what level of 

confidence should be placed in the results and to identify those parameters which could 

contribute to errors in the conclusions. 

2. The primary parameter producing the greatest potential for error in the model is the 

vertical hydraulic conductivity of the impacted upper clay soils. This parameter was 

systematically and carefully evaluated in each scenario to minimize the effects of 

uncertainty on the conclusions provided by the model. 

3. Some parameters used to construct the model were not sufficiently defined by past 

sl1ldies. For each of these parameters, conservative assumptions were used so the 

model would err on the side of predicting impact to the Village of Granville well field. 

These parameters, and the conservative choices made for the model are listed below: 

a) Constant head boundaries at the upstream and downstream ends of the modeled 

buried valley system were provided the same constant head level. The expected 

downvalley gradient would decrease the influence of the municipal wells on the 

aquifer at the GSS, and the flat gradient, implemented in the model, mcreases 

the likelihood of contaminants impacting the wellfield. 

b) Raccoon Creek was not included in the model. If the creek were to interact 

with the aquifer, it would, likely, be a losing stream. A losing stream in the 

area of the Site would diminish the influence of the wellfield on the aquifer at 

the GSS. 
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c) The wells in the municipal wellfield were assumed to pump at twice the current 

pumping rate. This accounts for future potential expansion of water demand by 

the Village of Granville, and it increases the influence of the wellfield on the 

aquifer at the GSS. 

d) The initial concentration profile for groundwater near the Site was obtained 

from data gathered by 1994, prior to the installation of the pump-and-treat 

remediation system. Operation of the pump-and-treat system has reduced 

aquifer contaminant concentrations and has diminished the area of impact to the 

aquifer. 

e) The model assumed no degradation of contaminants m the aquifer. Some 

evidence exists that suggests that degradation may be occurring within the 

aquifer but the rate is unknown. 

f) The vertical hydraulic conductivity of the upper soils was varied for each 

contaminant of concern to determine the conductivity that resulted in the 

greatest impact to the aquifer. This "worst case" hydraulic conductivity was 

used for each contaminant of concern when evaluating the impact on the 

aquifer. 

4. The three treatment alternatives evaluated were: (1) no action, (2) maintenance pumping 

for 15 years following five years of aggressive pumping with no soil treatment, and (3) 

soil treatment or removal to the individual treatment standard coupled with five years of 

aggressive pumping. All but the no action alternative provide acceptable outcomes. 

5. Nineteen contaminant compounds were analyzed for alternative 3. Individual treatment 

criteria for soil remediation were developed based on the model prediction of significance 

of impact on groundwater at a compliance zone . 
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6. Of the 19 contaminants evaluated, two chlorinated solvents (PCE and TCE) were 

predicted to exceed the MCL. The soil treatment goals developed for these two 

compounds were 6670 J.lglkg (TCE) and 5530 J.tg/kg (PCE). For the other 17 

contaminants, impact at the compliance zone above their respective MCLs was not 

indicated by the model for the soil concentrations established at the levels provided by the 

soil investigation. 

7. Placement of the compliance zone near EW -1 does not represent a threat to the Village of 

Granville Wellfield. This location was found to be the last convenient point to intercept a 

plume should it develop in actual practice. Pumping EW-1, just beyond the compliance 

zone, would result in capture, containment, and remediation for any plume found to 

exceed the MCLs in the area near EW -1. 

8. The effect the potential presence of DNAPL in the upper clay soils was qualitatively 

evaluated in the modeling effort for each of the three scenarios. The results for 

alternative 2 would be effected the greatest by the potential presence of DNAPL. The 

model conclusions of no impact at the compliance zone after the maintenance pumping 

ceases could be reversed if the upper soils contain significant quantities of DNAPL that 

leach chemical slowly to the groundwater system. This would not be the case for 

alternative 3 which involves soil treatment. Soil treatment in the most heavily 

contaminated areas would be expected to remove DNAPL if it were present. For 

al~ernative 1, the no action alternative, the well field would be impacted with or without 

DNAPLs, but the level of impact and duration would increase if DNAPLs were present. 

9. The modeling results presented in this report are useful for comparing alternative 

strategies for soil and groundwater clean-up. They should not be used to provide specific 

infimnation regarding timing of clean-up activities or distances of plume migration. T:h.e 

un::ertainty in this modeling effort has been handled by using assumptions biased in favor 

of predicting potential wellfield impact. The conclusions, based on model results, are 

valid for comparative purposes among the alternative remediation strategies. The 

EE/CA, currently being prepared, examines the remedial alternatives and selects one 

alternative for implementation. 
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M: ~ ~~~C!!!,~h~~Mc:::-o-m-p-an_y ________ _ 

Sep1:embe:r 1l. 1996 

Ms. Diane Spencer. Project Coordinator 
U.S. Environmental Protection Agency, Region 5 
Office of Superfund, Remedial & Enforcement Response Branch 
77 W ;::s·: Jackson Boulevard 
Chicago, Illinois 60604-3590 

Granville Solvents Site Removal Action 
Transmittal: Description of the Fate and Transport Mod(~ling 

Dea:~ Ms. Spencer: 

Ana:hed is a letter describing the methodology of the Fate and Transport Modeling for the 
site 5oils. The Soil Data Report was sent to you yesterday, September 10, 1996 with a 
1:ransmittal letter carrying the incorrect submittal date of September 5, 1996. We hope that 
this does not cause you any inconvenience. 

Early next week we will provide you with a copy of the Meeting Agenda and Schedule along 
with ctirec:ions from the airport to the M&E office here in Columbus. If you have questions. 
plew;e call Michael Raimonde or me at 614-890-5501. 

Respectfully, 

ME~TALF & EDDY OF OHIO, INC. 

/1/'i' / /t'/ /? - / 
/);' .#clr-:u-- 'A. 7<:/&~'-
Ge.~c.ld R. Myers ~ 
Vice President/Project Coordinator 

Attadtmer:t 

cc: B. Pfefferle, TH&F 
M. Anastasio, U.S. EPA 
F. Myers, Ohio EPA 
D. Plunkett. Granville 
M. Raimonde, M&E 

2800 Corporate Exchange Drive. Suite 250, Columbus. OH 43231 
TEL: 614-8~5501 FAX 614-890-7421 

file:///Ayator


Sc!prember 11, 1996 

M:~;. Diane Spencer, Project Coordinator 
U.S. Environmental Protection Agency, Region 5 
Offi::e o:: Superfund, Remedial & Enforcement Response Branch 
7~' West Jackson Boulevard 
Chicago. Illinois 60604-3590 

SuJject: Granville Solvents Site Removal Action 
Description of the Fate and Transport Modeling 

Dear Ms. Spencer: 

Folh)wing is a discussion of the methodology of the modeling effort to de1:ermine what 
impacted soil must be remedied to achieve protection of the groundwater. This discussion is 
di.vided into four parts: Purpose Statement, Modeling Software, Model Se:t-up, and Model 
U:;c~. We expect to have results of this effort ready for discussion in the scheduled meeting 
on Wednesday. September 25, 1996. 

The Preli.minary Remedial Goals (PRGs) established in the Design Technical Memorandum 
(DTM; for the site were based on maximum contaminant levels in groundwater and assumed 
dilution and anenuation factors. Now that more data are available for the aquifer and the 
over ying soils. a more detailed effort is warranted to provide site specific remedial goals for 
the soi:ls and develop remediation strategies. A groundwater fate and transport model will be 
us,~d tc meet this objective. 

Fl·Jw model: MODFLOW I MODPATH (USGS, 1988 I 1989) 

Fate and Transport Model: MT3D v. 1.86 (Papadopulos, 1995) 

2800 Corporate Exchange Drive. Suite 250, Columbus. OH 43231 

TEL: 614-890-5501 FAX: 614-890-7421 
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Tb.e flov.- model will be set up in a simplified manner to approximate the conditions observed 
in the aquifer and the overlying soils. The boundary conditions for the numerical flow 
n~.ocel \viii be chosen to approximate the buried valley conditions and the gradient applied to 
th: 1qui1:er by pumping of the Village of Granville Wellfield. No-flow boundaries will be 
us1!cl ro represent valley walls in the model and constant head boundaries will be used to 

sinula.te the background aquifer gradient. The clay-rich soils overlying the aquifer will also 
be simulated in the model. These soils have been found to be saturated (19% pre- and post
f:c,ex lble wall permeability test) and will be modeled using constant head cells to maintain 
groundv. :tter recharge through the clay and into the aquifer. No flow boundaries will be 
u~;ec at tbe perimeter of the clay-rich soil layers. 

The aqu:Jer characteristics used in the model will be derived from pumping tests conducted 
ar rre site. Where necessary, characteristics will be assumed based on sin1ilarities between 
tbis aquifer system and other similar aquifer systems in Ohio. The organic carbon content of 
the soil \\'ill be established based on total organic carbon (TOC) analyses conducted using site 
samples. The model layers will be chosen to represent breaks in the soil stratigraphy 
detemLined from boring logs. 

The characteristics of the overlying soils will be based on the analytical results of soil 
samples provided in the Data Report for the DTM. These data include vertical permeability 
rneam:rements from a variety of locations, TOC values from several locations, and moisture 
content analyses from a variety of locations. Characteristics of off-site soils will be assumed 
similar to the on-site soils. 

Initi1l cc,ntaminant concentrations in the aquifer will be based on the concentrations observed 
at the ti..ne of the Hydropunch study (1994). The contaminant concentration in the soils will 
be established based on data from the recent soil sampling program. Model layers in the 
chy ·rich soils will be chosen to better establish soil contaminant concentrations through the 
sc·il profile. 

The groundwater flow model will be calibrated based on pumping test data and the observed 
pwen(.ornetric surfaces at the site. Attention will be given to contaminant concentrations in 
the model calibration procedure. However, the dates and methods of contaminant release are 
no: <now n and an accurate model calibration based on contaminant transport will not be 
rea.s•mably possible. 
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The model will be used to predict the time required to remove the current dissolved plume of 
contaminants in the aquifer under a variety of pumping strategies. The model will also be 
us.ed to estimate the rate of contaminant recruitment from the overlying soils and to establish 
how this recruitment will affect groundwater contaminant concentrations. 

Ba~d on potentiometric surfaces created for the site over the operating history of the 
ext~action system. it has been established that all contaminated groundwater is currently 
be::i:1g captured by the pumping system. All of the area where soil contamination is present :.s 
withJ n th;: capture zone of the pumping system, and the soil contamination area represents 
only a sn~.11l portion of the area captured by the pumping system (as shown by site 
pot:::ntiJm~tric sUifaces). Therefore, as long as the pumping system is active, recruitment of 
cortaminants to the aquifer from the overlying soils will not degrade groundwater quality. 
Tte recmited contaminants are rapidly captured by the pumping system. 

However. after the pumping system has removed the dissolved phase of contaminants from 
the aquifer. it may be desirable to shut the pumping system off. One of the primary 
purposes of this modeling effort will be to determine the rate of recruitment of contaminants 
to the aquifer from the soil following the shut-down of the pumping system under a variety 
of soil remediation scenarios. In this manner, it will be possible to estimate the degree of 
soil remediation effort that will be required to prevent contamination of the aquifer system 
abov·e the maximum contaminant levels (MCLs). Remedial goals for the 5oil will then be 
est<:.blished based on the results of the modeling project. Ultimately, the validity of the 
model results will be determined from groundwater monitoring data following the shut-down 
of the pumping system. If conditions indicate the continued contamination of the aquifer 
fmm the soils, pumping will be resumed. 

If >Ou have questions regarding this submittal, please contact Michael Raimonde or me at 
(614> 890-5501. 

Re5pectft:lly, 

METCALF & EDDY OF OHIO, INC. 

/ /~--~ -11' ./ / . ~~ ~:t'-/).;flt~ • 1 

Gc~rald R. Mvers ~ 
Vi:::e President/ProJeclcoordmator 
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cc: B. Pfefferle, TH&F 
:M. Anastasio, U.S. EPA 
F. Myers .. Ohio EPA 
D. Plunkett, Granville 
l'vl. Raimonde, M&E 
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POTENTIALLY APPLICABLE 
OR RELEVANT AND APPROPRIATE REQUIREMENTS 

FOR THE CLEANUP OF IMP ACTED 
SOIL AND GROUNDWATER AT THE GRANVILLE 

SOLVENTS SITE 



POTENTIAL ARAR 

Maximlll'l contaminant levels (40 C.F.R. Parts 141 and 
143; O.A.C. Chapter 3745-81) 

Underground Injection Control (40 C.F.R. 144-147; O.R.C. 
§6111 .043; O.A.C. Chapter 3745-34) 

CLEAN 

National Pollutant Discharge Elimination System (NPDES) 
(33 U.S.C. §1342; O.A.C. Chapter 3745-33) 

Best Available Technology (BAT) or Best Conventional 
Technology (BCT) (40 C.F.R. §122.44(a); O.R.C. § 
6111.03(J)) 

Best Management Practices (40 C.F.R. §125.100) 

Water Quality Criteria (WQC) and State Water Quality 
Standards (WQS) (40 C.F.R. §122.44 and O.A.C. Chapter 
3745-1) 

POTENTIALLY APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 
FOR THE CLEANUP OF IMPACTED SOIL AND GROUNDWATER 

AT THE GRANVILLE SOLVENTS SITE 

DESCRIPTION 

Maximtln contaminant levels (MCLs) are standards set forth for public water supply systems 
under the SDWA. For chemicals for which MCls have not been established, fwlctionaJ 
equivalents may be detennined using equivalent methods to establish the standards. 

The Underground lnjet:lion Control (UIC) program provides standards for the injection of fluids, 
induding sewage, indUstrial wastes, or other wastes and fluids, beneath the surface. The OEPA 
has developed a program controlling underground injection which has been approved by the 
U.S. EPA. Class V wells indude wells that inject a fluid beneath the ground induding recharge 
wells. 

The National PoJIWnt Discharge Biminalion System regulates the direct discharge to surface 
waters. The U.S. EPA has delegated general NPDES permitting authority to Ohio. Any person 
discharging sewage, industrial waste or other wastes must obtain a permit from the OEPA. The 
OEPA has the authority to require all NPDES permK holders to comply with discharge limitations 
(both technology and water quality based), monitoring requirements and best management 
practices. 

This requires that direct discharges to surface water meet technology-based guidelines. BAT 
applies to toxic and llOIHXlllVenlional pollutants. BCT applies to conventional pollutants. 

Dischargers may be required to develop and implement a BMP program to prevent the release 
of toxic constituents to surtace waters. BMPs can be required on a case-by-<:ase basis. 

Water Quality Criteria (WQC) are established by the U.S. EPA for the protection of hwnan 
health and aquatic life. They serve as guidelines for each state which sets Water Quality 
Standards (WQS) used in implementing the state NPDES permitting. The OEPA has dassified 
each lake or stream segment in the state for partruar uses and prescribes water quality criteria 
which must be met by dischargers in order to maintain such uses. 

The Ohio water quality program prohibb the degradation of water quality by new discharges, 
except if justified by the benefits of the discharge as determined in an anti-degradation review, 
provided that no degradation is allowed if the water currenUy does not meet applicable 
standards. The antklegradalion provisions apply to new sources if any PTI or NPDES permit 

would result in a net increase in the 

APPLICABILITY OR RELEVANCE AND APPROPRIATENESS 
TO THE GRANVILLE SOLVENTS SITE 

These standards are relevant and appropriate as in §&! deanup standards because the 
groundwater underneath the site is hydraulically connected to the source aquifer for the VUiage 
of Granvile water supply. The Consent Order provides that action shall be implemented which 
is necessary to ensure that any contamination (originating from the site) that enters the Village 
of GranvHie municipal weUfield drinking water supply meets all risk-based and all applicable 
federal and state drinking water standards and shall treat all groundwater originating from the 
site to no further action levels which assure protection of h1111an health and the environment and 
attain all risk-based standards and federal and state ARARs. 

The current ground water rernedialions system does not indude the use of ground water 
injection wells as part of its operation. The OEPA takes the position that the injection of air into 
soUs and groundwater as part of a remediation activity must comply with the requirements for a 
Class V well. Only the substantive requirements for Class V wells would apply. 

The current pump-and-treat system discharges treated groundwater to Raccoon Creek. The 
discharge does not require an NPDES penni although the substantive standards for such a 
discharge are required to be met under a perm~ waiver agreed to by the State of Ohio. The 
standards under the NPDES are applicable requirements. 

There are no storm water point source discharges from the site. However, best management 
practices for storm water control may be relevant and appropriate. 

The requirements are applicable. 

The requirements are relevant and appropriate. 

The WQS set by the State of Ohio are applicable standards for the discharge of treated ground 
water to Raccoon Creek using the existing Pll'f'IP and treat system. An NPDES permit was not 
required for this discharge although the substantive requirements of a permit are required under 
a waiver of the permit. 

The anti-degradation provisions are not applicable even though the discharge will result in a net 
(albeit small) increase in the discharge of polutants because there is no PTI or NPDES permit 
application involved in this case. The requirements are relevant and appropriate. Only the 
substantive requirements would apply since the discharge is to surface waters in dose proximity 
to the site. In addition, the discharge is exduded from administrative requirements because ~ is 

built for the treatment of VOCs at a site which 5 
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Acls of Water Pollution Prohibited (O.R.C. § 6111 .04) 

State Air Toxins and National Emission Standards for 
Hazardous Pollutants 
(40 C.F.R. Part 61) 

Particulate Non-Degradation Policy (O.R.C. § 3745-17~5) 

State Particulate Matter Standards (O.A.C. § 3745-17~). 

Air Pollution Nuisances (O.A.C. § 3745-15~7) 

Air Emissions from Hazardous Waste FacUities (O.R.C. § 
3734.02(1)) 

Prohibition of Nuisances (O.R.C. § 3767.13) 

DESCRIPTION 

are excluded from certain requirements as set forth in ~5(0) 
(e.g. de minimis degradation or for disposal systems buUt for the treatment of VOCs at a clean
up site which discharges 5 micrograms per liter or less for each VOC), but such discharges 
remain subject to the substantive requirements of the rule. 

Pollution of waters of the state or placing wastes where they may cause pollution of waters of 
the state is prohibited. 

The Clean Air Ad. established National Emission Standards for Hazardous Ail Pollutants 
('NESHAPs') which regulates discharges into the air of specific pollutants to maintain the level 
of air quality consistent with protection of human health and the environment. 

Prohibits the significant and avoidable degradation of air quality in any area where current air 
quality meets ambieni air quality standards for particulates. 

The State particulate matter standards impose restrictions of emissions of fugitive dust. The 
fugitive dust provisions apply only to fugitive dust sources located in areas specified in 
Appendix A of O.A.C. § 3745-17~. which does not include the VUiage of GranvHie, or to any 
source which is causing a nuisance or a violation of ambient air quality standards. Sources 
subject to the fugitive dust provisions must use reasonably avaHable control measures ("RACM") 
to minimize or eliminate visible particulate emissions of fugitive dust. 

Prohibits the emissions of smoke, ashes, dust, dirt, grime, acids, fumes, gases, vapors, odors or 
other substances in amounts as to endanger the health, safety, or welfare of the public, or 
cause unreasonable injury or damage to property. 

No hazardous waste facility shall emit any particulate matter, dust, fumes, gas, mist, smoke, 
vapors or odorous substance that unreasonably interferes with the comfortable enjoyment of life 
or property or is injurious to public health. 

Prohibits noxious exhalations or smells that are injurious to the health, comfort, or property of 
individuals or of the public. 

~~~~~--~~~==~~~~~~~~ 

RCRA 

General The U.S. EPA has authorized the OEPA to administer most of the programs under the federal 
RCRA. Consistent with RCRA, the OEPA administers statutes and regulations that 
comprehensively govern the generation, transportation, storage, treatment, and disposal of 
hazardous waste. Ohio's promulgated RCRA requirements replace the equivalent federal 
requirements as potential ARARs for those portions of RCRA Ohio is authorized to administer. 

RCRA requirements for treatment, storage or disposal of hazardous wastes apply to a CERCLA 
site if the sKe contains listed or characteristic hazardous wastes that were treated or disposed of 
after the effective date of the RCRA regulations that are under consideration as potential 
ARARs for the sHe and all other jurisdictional prerequisites are met, or if the CERCLA activity at 
the site constitutes current treatment, storage or disposal of RCRA hazardous wastes. 

APPLICABILITY OR RELEVANCE AND APPROPRIATE' 
TO THE GRANVILLE SOLVENTS SITE 

micrograms per liter or less of each The requirements that would apply 
include that existing uses must be protected; degradation is prohibited that results in violation of 
water quality criteria for designated uses; and discharge must use 'best avaHable demonstrated 
technology.' 

The requirement is applicable. • 

NESHAPS are not applicable or relevant and appropriate because the site will not utHize one of 
the specific source categories regulated. 

The current ground water treatment system is exempt from Ohio requirements under the de 
mimimis air contaminant source exemption. Select technologies being evaluated for the 
removal action of the soHs would not require an air permit under the State of Ohio rules on air 
contaminant sources. The substantive requirements for such sources may be applicable or 
relevant and appropriate if such sources do not meet the criteria for the de minimis exception. 

The requirement is applicable. 

The fugitive dust provisions are not applicable requirements at the site. RACM is not relevant or 
appropriate because the OEPA made an explicit decision in the rules that it is not required 
unless the site is located in a specified area (which the site is not) or is causing a nuisance or 
violation of ambient standards. 

The requirement is applicable. 

The requirement is relevant and appropriate. 

The requirement is relevant and appropriate. 

If any removal activities constitute treatment, storage, or disposal of a hazardous waste at the 
site, RCRA requirements for such activities and units would become applicable. There are no 
plans for trealmen~ storage (for greater than 90 days), or disposal as part of the proposed 
removal action. RCRA requirements are not applicable merely because such activities were 
conducted by the site owner and operator after the effective date of RCRA. In this case, a 
jurisdictional prerequisite is not met (i.e., the removal action is being performed by generators 
who are not owners or operators subject to the law). 
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POT \LARAR 

Closure and Post Cl<>sure (40 C.F.R. §§265.110-265.120; 
O.A.C. Chapter 
3745-66) 

Treatment (40 C.F.R. Part 265) 

Hazardous waste underground storage tanks 
(40 C.F.R. §§ 265.190-265.202; O.A.C. §§ 3745-66-90 ~ 
~.) 

Corrective action, including groundwater protection and 
groundwater monitoring (40 C.F.R. §§264.90-264.101; 
O.A.C. §§ 3745-54-90 ~~.; O.A.C. §§ 3745-55-01, 02) 

Containers (40 C.F.R. §§265.170-265.178; O.A.C. §§ 
3745-66-70 ~~.)and tanks (40 C.F.R. §§265.190-
265.202; O.A.C. §§ 3745-66-90 ~ ~.) 

Land Disposal Restrictions (40 C.F.R. §268.1-268.50; 
O.A. C. Chapter 37 45-59) 

DESCRIPTION 

Closure requirements under Part 265 (O.A.C. Chapter 3745-66) (for interim status facilities) 
generally require 'dean closure' or the unit is subject to closure (e.g. capping) and post-{;losure 
care for a RCRA landfill. Clean closure means the removal or decontamination of contaminated 
soUs, structures, equipment, etc. Clean closure requires a demonstration that no Appendix VIII 
constituents remain in soil, the vadoze zone or groundwater above risk-based levels. Current 
U.S. EPA policy encourages the use of risk-based levels for clean closure and stales that the 
use of fate and transport analysis to establish risk levels can be appropriate to establish clean 
closure detenninations. 

RCRA establishes design and operating standards and other requirements (e.g. groundwater 
monitoring and corrective action for SWMUs) for the unit in which hazardous waste is treated. 
Requirements are established for specifiC units (e.g. tanks, impoundments, waste piles, etc.) 

Closure requirements for hazardous waste USTS are set forth in Section 265.197 (O.A.C. § 
37 45-66-97). An owner or operator must clean close the UST system or close it and perfonn 
post-{;losure care in accordance with the requirements that apply to landfills (40 C.F.R. § 
265.310; O.A.C. §§ 3745-66-10 ~ ~). See the discussion of clean closure above. 

I 

RCRA imposes corrective action requirements for solid waste management units ('SWMUs') 
and regulated units (i.e., units receiving wastes after July 27, 1982) at RCRA facilities. 

Section 264.101 (O.A.C. § 3745-55-011) requires corrective action as necessary to protect 
human health and the environment for releases from SWMUs. The U.S. EPA has not 
promulgated corrective action rules. In general, corrective action under Section 264.101 is risk
based, considering the July 27, 1990 proposed Subpart S rules, May 1, 1996 advanced notice 
of rulemaking, and other agency guidance. 

Sections 264.90-.100 (O.A.C. § 3745-54-90 ~~.)require corrective action to ensure that 
regulated units are in compliance with the groundwater protection standards (RCRA MCLs or 
ACLs) at the point of compliance (i.e., in or at the downgradiant edge of the regulated unit.) 
Standards for certain toxic compounds have been adopted as a part of RCRA groundwater 
protection standards (40 C.F.R. § 264.94; O.A.C. § 3745-54-94). In general, the U.S. EPA will 
use the RCRA MCLs as protection levels for groundwater that is currently or potentially used for 
drinking. The U.S. EPA may establish site-specific exposure-based alternative cleanup levels 
("ACLs') at particular sites where the groundwater cannot be used for drinking because of high 
salinity or naturally-occurring contamination or where cleanup is not practicable or cost-effective. 
The requirements include detection monitoring (40 C.F.R. §264.98; O.A.C. § 3745-54-98), 
compliance monitoring (40 C.F.R. §264.99; O.A.C. § 3745-54-99), and correction action (40 
C.F.R. §264.100; O.A.C. § 3745-55-01). 

RCRA imposes standards for storage in containers or tanks of hazardous waste for greater than 
90 days before treatment, storage or disposal elsewhere. A generator who accumulates or 
stores hazardous wastes in containers or tanks for 90 days or less in compliance with 40 C.F.R. 
§262.34(a)(14) is not subject to full RCRA storage requirements. 

LDRs must be met before putting waste into a landfill. LDRs can be either: (1) a concentration 
level to be achieved or (2) a specified technology. 

APPLICABILITY OR RELEVANCE AND APPROPRIATE' 1 
TO THE GRANVILLE SOLVENTS SITE 

The closure requirements are not applicable or relevant and appropriate at the site which has 
widespread, dispersed contamination. Using RCRA closure requirements is not appropriate for 
such large scale remediation of contamination. The closure requirements were never intended, 
nor designed, for such purpose. The remedial objectives established in the Consent Order are 
based on risk-based standards for CERCLA sites, which will be consistent with RCRA risk-
based cleanup requirements. .. 

The treatment requirements are not applicable lo the operation of the SVE system. In situ 
treatment or processing of hazardous waste in a unit does not constilute treatment or 
disposaUplacemenl. 

The requirements are not applicable. The requirements are not relevant and appropriate to the 
USTs previously removed by the agency because the site has widespread, dispersed 
contamination from various sources, which cannot be distinguished from any contamination that 
may have resulted from the USTs. The remedial objectives established in the Consent Order 
are based on risk-based standards for CERCLA sites, which will be consistent with RCRA risk
based cleanup requirements. 

The requirements are not applicable because the Part 264 requirements are applicable to 
owners or operators of pennitted facilities that treat, store or dispose of hazardous waste. 

The Section 264.101 requirements (relating to SWMUs) are not relevant and appropriate 
because standards have not been promulgated. 

The requirements in Section 264.91-.100 are not applicable or relevant and appropriate 
because the contamination is widely dispersed (rather than contained in discrete units) and the 
site involves area wide groundwater contamination from multiple sources at the site. The 
remedial objectives established in the Consent Order are based on risk-based standards for 
CERCLA sites, which will be consistent with RCRA risk-based cleanup requirements. 

The requirements may be applicable if the CERCLA action at the site requires short or long-tenn ' 
storage of hazardous wastes. 

LDRs are applicable to the off-site disposal of hazardous wastes. 
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POl \LARAR DESCRIPTION e APPLICABILITY OR RELEVANCE AND APPROPRIATf 
TO THE GRANVILLE SOLVENTS SITE 

"" j;~j_ ~ ;l~~~: 
.'. ) ·'·W~·-:· .. 

STATE PROGRAMS ' ... :. ·~ --

Ohio Voluntary Action Program (VAP) (O.R.C. Chapter The Ohio V AP allows parties to voluntarily dean-up eligible sites to meet differing cleanup The Ohio V AP is not an applicable requirement. The site is ineligible for the Ohio VAP because 
3746; OAC. Chapter 3745-300) standards based on the intended use of the property as residential, commercial or industrial. it is subject to a federal enforcement action. The cleanup standards set forth in the Ohio VAP 

Institutional controls may be used to meet applicable standards. Volunteers conducting a rules are relevant and appropriate. .. 
cleanup can use promulgated generic standards or develop property-specific, risk-based 
standards. There is no requirement to meet either generic or risk-based standards if chemicals t 

of concern are no higher than naturally-occurring background levels . . 
. : . 'i:· •: ,>_ 

1~' 
. . ...... 

Worker Safety :-; : . ' ·: ~,-.,. :: 
OSHA requirements for workers engaged in response or Section 1910.120 addresses the safety and health of employees involved in clean-up operations Section 1910.120 is an applicable requirement. 
other hazardous waste operations (29 C.F.R. § 1910.120) at hazardous waste sites and EPA-amtrolled waste storage, treatment and disposal facilities 

General OSHA Industry Standards (29 C.F.R. Part 1910) The OSHA general industry standards apply to any employment not covered by other specifiC The general industry standards are applicable requirements. 
standards. 

--,. 
Transportation ... :' 

' .-:: 

DOT rules lor transportation of hazardous materials (49 DOT has promulgated rules for the transportation of hazardous materials, including both virgin The DOT requirements are applicable to the off-site transport of waste materials from the site. 
C.F.R. Parts 107, 171 .1-172.558 substarK:es and waste products. 
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SlMMARY OF POTENTIAir6RtlCfQDWNf£R APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS (ARA<{jD REQUIREMET'!ffi BE CONSIDERED (TBC) 

_ LINCOLN FIELDS ~ 

·,_// RICHLAN7UNTY, OIDO 

rr========== 

Potential ARAR/TBC Citat ion 

lOS 

Chemicai-Specific~-~\R~\R~ 

40 Code of Feder.c1l Regulatic 
(CFR) §14l.ll-14:. 16- Nat 
Primary Drinking Wat,~r 
Regulations under 40 lJ.S.Cc 
§ 300 et seq., Saff Drinking 
Act, 42 USC § 301)g-1 and H 
Advisories - Maxi mum 
Contaminant Levels (MCL) a 
MCL Goals (MCI~~~---

40 CFR Part 143 · National 
Secondary Drinking Water 
Standards 

'-------------·----

1onal 

•de 
Water 
ealth 

nd 

Description 

These regulations establish MCLs for 
public drinking water systems and 
MCLGs. ·This statute establishes 
MCLGs for public water supply 
systems, and are not enforceable 
goals for the quality of public water 
supply systems. 

These regulations establish secondary 
MCLs (SMCL) for public water 
supply systems and address color and 
odor aspects of drinking water. 

C-l-l 

Preliminary Comments 
ARAR/TBC 

Determination 

Relevant and These regulations are not applicable 
appropriate because no drinking water supplies 

are directly affected. MCLs and 
MCLGs are, however, relevant and 
appropriate to actions that restore 
contaminated groundwater to meet 
drinking water standards. 

Relevant and These regulations are not applicable 
appropriate because no drinking water supplies 

are directly affected. In addition, 
SMCLs are not health-based 
standards; they address only 
nuisances. SMCLs may be 
considered relevant and appropriate 
for groundwater restoration. 



SlMMARY OF POTENTIAL GROUNDWATER APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS (ARAR) AND REQUIREMENTS TO BE CONSIDERED (TBC) 

LINCOLN FIELDS SITE, RICHLAND COUNTY, OHIO (Continued) 

rr=========== 

Potential ARAR/TBC Citat ion Description 

11------------------
(Continued) Chemical-,~ifi·~-::\ll~AR~ 

33 USC§ 1251 et seq. - Cle an 
Water Act 

11----------- --··----
40 CFR Parts 122 and 125 -
National Pollutant Dis·::harge 
Elimination SysteJil (1\ PDES 
Permits 

11-------------·----

) 

40 CFR Part 136 - Guideline 
Establishing Test Procedure~ 

:s for 

''------------ --··----

This act sets forth provisions relating 
to prevention of water pollution by 
point sources and maintenance of 
surface water quality. 

These regulations require permits 
setting limits for discharges of any 
poJJutant from a point source to the 
waters of the United States. 

These regulations establish 
procedures for analyzing for 
pollutants in water. 

C-1-2 

Preliminary Comments 
ARAR/TBC 

Determination 

Applicable The act is generaJJy applicable for 
establishing treatment requirements 
for discharges to surface water. 

Applicable Comprehensive Environmental 
Response, Compensation, and 
Liability Act (CERCLA) response 
actions conducted on site do not 
require permits. However, the 
chemical-specific portions of the 
regulations would be applicable for 
water discharged as a result of the 
removal action. 

Relevant and These regulations may be relevant 
appropriate and appropriate for analyzing for 

pollutants in groundwater and 
treated water at the site. 



SUMMARY OF POTENTIAL GROUNDWATER APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS (ARAR) AND REQUIREMENTS TO BE CONSIDERED (TBC) 

LINCOLN FIELDS SITE, RICHLAND COUNTY, OHIO (Continued) 

rr=========---

Potential ARAR/TBC Citat ion Description 

11------------------
Chemical-~ifil:_::\R~<\R~ ( 

40 CFR Part 403 · National 
Pretreatment Stan<lards 

Continued) 

11------------------
1Jurce 42 USC § 6901 et H:q. -Res 

Conservation and Recovery ' \ct 
(RCRA) 

11----------- -------
42 USC § 7401 et seq. - Cle; mAir 

Act 

IL..---------- .... ----

These regulations establish standards 
to control pollutants that pass through 
or interfere with treatment processes 
in publicly owned treatment works 
(POTW). 

This act establishes national 
procedures for handling solid waste, 
including hazardous waste. 

This act regulates air emissions from 
mobile and stationary air pollution 
sources. 

C-1-3 

Preliminary Comments 
ARAR/TBC 

Determination 

Applicable These regulations would be 
applicable if groundwater is 
discharged to the Mansfield 
Wastewater Treatment Plant 
(MWWTP). J[f the MWWTP has 
more stringent requirements than 
those set by these regulations, the 
MWWTP requirements would have 
to be met. 

Not applicable or This act is neither applicable nor 
relevant and relevant and appropriate because no 

appropriate, and not regulated hazardous or solid waste 
TBC management is involved. 

Applicable This act may be applicable if 
groundwater treatment is conducted 
as part of a removal action. 



SUMMARY OF POTENTIAL GROUNDWATER APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS (ARAR) AND REQUIREMENTS TO BE CONSIDERED (TBC) 

LINCOLN FIELDS SITE, RICHLAND COUNTY, OHIO (Continued) 

rr============== 

Potential ARAR/' l'BC Citat ion Description 

11-------------·----
Chemical-~fi< -~~R!\R! ( 

40 CFR Part 50 - ''Iational A 

Continued) 

mbient 
Air Quality Standards 

11------------·----

40 CFR Part 61 - 'lational 
Emissions Standards fN Haz. ·trdous 
Air Pollutants 

11-----------·-·----
Ohio Administrati ·;e Code (C 
3704.05 A-· 1 -Prohibit~. Viol 
of Air Pollution C :111trol Rut( 

OAC 6111.042- Hule~: Requ 
Compliance with r.:·atic•nal Ef 
Standards 

''---"'~--'-------- ·-·----

lAC) 
at ion 
:s 

- . mng 
'fluent 

These provisions establish ambient air 
quality standards for the protection of 
public health and welfare. 

These provisions require the U.S. 
Environmental Protection Agency 
(EPA) to establish emission standards 
for hazardous air pollutants. 

These regulations prohibit violation 
of Air Pollution Control Rules by any 
emissions source. 

This statute requires point source 
discharges to comply with national 
effluent standards. 

C-1-4 

Preliminary Comments 
ARARITBC 

Determination 

Applicable These provisions may be applicable 
or relevant and appropriate if 
groundwater treatment is conducted 
as part of a removal action. 

Not applicable or Regulations have not been 
relevant and promulgated or proposed to 
appropriate implement these statutory 

requirement, and not provisions, so they are neither 
TBC applicable nor relevant and 

appropriate. 

Applicable These regulations would be 
applicable if groundwater treatment 
is conducted as part. of a removal 
action. 

Applicable This statute would be applicable if 
groundwater is discharged to a 
surface water body. 



SlfMMARY OF POTENTIAL GROUNDWATER APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS (ARAR) AND REQUIREMENTS TO BE CONSIDERED (TBC) 

LINCOLN FIELDS SITE, RICHLAND COUNTY, OHIO (Continued) 

rr=========--

Potential ARAR/TBC Citat ion Description 

11-----------------
Chemical-~ifi~:_::\~~~~ ( 

OAC 3745-1-04- The "Five 
Freedoms" for Surface Wate 

Continued) 

r 

11-----------·----
OAC 3745-1-05- Antidegr.1c 
Policy for Surface \Va':er 

11-------------·----
OAC 3745-1-06- Mixing Zc 
Surface Water 

11-------------·----

lation 

•nes for 

OAC 3745-1-07- Water Qua tlity 
Criteria 

"-------------·----

This regulation specifies water quality 
standards for on-site surface water 
bodies or for point source discharges 
to adjacent water bodies. 

This regulation prohibits lowering of 
water quality as a result of new point 
source discharges to surface water 
bodies. This regulation is used to set 
standards when existing surface water 
quality is better than the use for 
which it is designated. 

This regulation provides standards for 
establishing mixing zones as a result 
of new point source discharges to 
surface water bodies. 

This regulation provides water quality 
criteria for point source discharges to 
surface water bodies. 

C-1-5 

Preliminary Comments 
ARAR/TBC 

Determination 

Applicable This regulation would be applicable 
if groundwater is discharged to a 
surface water body. 

Applicable This regulation would be applicable 
if groundwater is discharged to a 
surface water body. 

Applicable This regulation would be applicable 
if groundwater is discharged to a 
surface water body. 

Applicable This regulation would be applicable 
if groundwater is discharged to a 
surface water bod}:. 
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SUMMARY OF POTENTIAL GROUNDWATER APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS (ARAR) AND REQUIREMENTS TO BE CONSIDERED (TBC) 

LINCOLN FIELDS SITE, RICHLAND COUNTY, OHIO (Continued) 

==== 

Potential ARAR/' roc Citat ion Description 

ChemicaJ-;~ifi, : AR~Rs (Continued) 

OAC 3745-21-02 
Quality Standards 

OAC 3745-21-03 

·Ambient 
and Guide 

· :Yiethods 
tty Measur Ambient Air Qual· 

Location-Specific 

16 USC § 661 et ·' 
6, 40 CFR § 264. 
Order No. 11988 
Manageme!!!___ 

16 USC § et seq., 
200, and 50 CF:R 
Endangered Speci 

ARAR.s 

eq., 40 CI 
18, :=1nd Ex 
· Flood PI~ 

50 CFR. P 
P.lTt 402 -
:s Act 

Air This regulation establishes air quality 
lines guidelines for carbon monoxide, 

ozone, and nonmethane 
hydrocarbons. 

of This regulation provides approved 
ement methodologies for obtaining ambient 

air measurements. 

:R Part These provisions require that any 
ecutive action in a flood plain be managed to 
tin avoid adverse effects. 

art These provisions require actions to 
conserve a critical habitat upon which 
an endangered species depends. 

C-1-6 

Preliminary Comments 
ARAR/TBC 

Determination 

Applicable This regulation would be applicable 
if groundwater treatment is 
conducted as part of a removal 
action. 

Applicable This regulation would be applicable 
if groundwater treatment is 
conducted as part of a removal 
action. 

Not applicable or The site is not located in a flood 
relevant and plain, so these provisions are 

appropriate, and not neither applicable nor relevant and 
TBC appropriate. 

Not applicable or These provisions are neither 
relevant and applicable nor relevant and 

appropriate, and not appropriate bt!cause no endangered 
TBC species have been identified in the 

site area. 



SLMMARY OF POTENTIAL GROUNDWATER APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS (ARAR) AND REQUIREMENTS TO BE CONSIDERED (TBC) 

LINCOLN FIELDS SITE, RICHLAND COUNTY, OHIO (Contiinued) 

r.============= 

Potential ARAR/TBC Citat ion Description 

11----------------
Continued) Location-S~tic -~R~Rs _ ( 

16 USC § 661 t'l jeq. and 33 
Parts 320 to 330- r~:ish and \\ 
Coordination Act 

16 USC § 1271 et seq., 40 C 
Part 6302 - Wild < :1d ~:cenic 
Act 

11-----------------

CFR 
'ildlife 

FR 
Rivers 

40 CFR Part 6 and Executivf 
No. 11990- Prote~tion of W 

·Order 
etlands 

These provisions require actions to 
protect fish or wildlife from 
diversion, channeling, or other 
actions that modify a stream or river, 
in such a way that fish or wildlife are 
adversely impacted. 

This act specifies that no actions may 
be taken that would adversely affect a 
river if the river is designated as a 
wild and scenic river. 

These regulations state that any action 
involving construction of facilities or 
management of property in wetlands 
must avoid adverse effects on the 
wetlands, minimize potential harm, 
and preserve and enhance the 
wetlands to the extent possible. 

C-1-7 

Preliminary Comments 
ARAR/TBC 

Determination 

Relevant and These provisions may be relevant 
appropriate and appropriate if groundwater is 

discharged to a surface water body 
during a removal action. 

Not applicable or The unnamed creek is not 
relevant and designated as a wild and scenic 

appropriate, and not river, so this act is neither 
TBC applicable nor relevant and 

appropriate. 

Not applicable or No wetlands are located on site, so 
relevant and these regulations are neither 

appropriate, and not applicable nor relevant and 
TBC appropriate. 



SLMMARY OF POTENTIAL GROUNDWATER APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS (ARAR) AND REQUIREMENTS TO BE CONSIDERED (TBC) 

LINCOLN FIELDS SITE, RICHLAND COUNTY, OHIO (Contlinued) 

:== 

Potential ARAR/' I'BC Citat ion Description Preliminary Comments 
ARAR/TBC 

Determination 

Location-Specifi~ Continued) 

OAC 3745-1-24-
Designation for St 
Bodies 

Action-Sp1~cifk A 

OAC 6111.04- A 
Prohibited 

OAC 6111.07 A.< 
Pollution Control 
Duty to Comply 

OAC 3745-1-03 -

1Nater Use 
trface Wat er 

JRARs 

:rs cf Poll uti on 

~.-Water 

Requireme 

A.nalytic:al 

nts: 

and 
Collection Proced Jres 

These regulations assign use Applicable These regulations would be 
designations for various surface water applicable if groundwater is 
bodies. discharged to a surface water body. 

This statute prohibits point source Applicable This statute would be applicable to a 
discharges to the waters of the state removal action. 
without a permit. 

This statute prohibits violations of Applicable This statute would be applicable to a 
OAC 6111 but sets forth no specific removal action. 
ARARs for design or implementation 
of removal actions at the site. 

These regulations establish analytical Applicable These regulatilons would be 
methods and data collection applicable if surface water samples 
procedures for surface water are collected as part of a removal 
dischar~es. action. 

C-1-8 



SUMMARY OF POTENTIAL GROUNDWATER APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS (ARAR) AND REQUIREMENTS TO BE CONSIDERED (TBC) 

LINCOLN FIELDS SITE, RICHLAND COUNTY, OHIO (Continued) 

r.========== =----===== 

Potential ARAR/' f'BC Citat I on 

lr----------------------
Action-Specific A~~AF~s (Co 

OAC 3745--15-06 · Malfunctt 
and Maintenance C'f Air Pollt 
Control Equipment 

ntinued) 

ODS 

ttion 

OAC 3745··15-07 Air Poilu tion 
Nuisances Prohibi ~~d 

11------------ ·-·-----

OAC 3745-17-08 · Ereission 
Restrictions for Fugitiv~~ Dus 

11-----------·------

OAC 3145-18-02 ·Stack Hei 
Requirements 

,__ _________ -------

t 

ght 

Description 

This regulation requires sites with 
permitted air pollution sources to 
report malfunctions or shutdowns. 

' 

This regulation prohibits air pollution 
nuisances from any source that 
endanger the health, safety, or 
welfare of the public or cause 
personal injury or property damage. 

This regulation establishes 
restrictions on fugitive dust 
emissions. 

This regulation establishes the 
allowable stack height for air 
contaminant sources based on good 
engineering practices. 

C-1-9 

Preliminary Comments 
ARAR/TBC 

Determination 

Not applicable or This regulation is neither applicable 
relevant and nor relevant and appropriate 

appropriate, and not because no permit would be 
TBC required if groundwater treatment is 

conducted on site. 

Applicable This regulation would be applicable 
if groundwater treatment is 
conducted as part of a removal 
action. 

Relevant and This regulation may be relevant and 
appropriate appropriate during construction 

activities associated with a removal 
action. 

Applicable This regulation would be applicable 
if groundwater treatment is 
conducted as part of a removal 
action. 



SlMMARY OF POTENTIAL GROUNDWATER APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS (ARAR) AND REQUIREMENTS TO BE CONSIDERED (TBC) 

Potential ARAR/TBC CHat 

11-----------------
Action-Specific A ~!AI~!J.t;~o 

OAC 3745-21-07 · Organic 
Materials Emissio -~- Cc ntrol: 
Stationary Source~ 

11-----------------
OAC 3745-21-09 · VOC Em 
Control: Stationar1 Source5. 

11----------·-·----
OAC 3745-25-03 · Emission 
Control Action Pr :1grams 

IL...----------·-··----

LINCOLN FIELDS SITE, RICHLAND COUNTY, OHIO (Continued) 

ion Description Preliminary Comments 
ARAR/TBC 

Determination 

ntinued) 

This regulation requires control of Applicable This regulation would be applicable 
emissions of organic materials from if groundwater treatment is 
stationary sources and requires use of conducted as part of a removal 
the best available technology (BAT) action. 
for treatment. 

iss ions This regulation establishes limits for Applicable This regulation would be applicable 
emissions of volatile organic if groundwater treatment is 
compounds (VOC) from stationary conducted as part of a removal 
sources. action. 

This regulation requires preparation Applicable This regulation would be applicable 
for air pollution alerts, warnings, and if groundwater treatment is 
emergencies. conducted as part of a removal 

action. 

C-1-10 



Potential ARAR/' 

Action-Spf~itic A 

OAC 3745-9-05 -
of New Groundwa 

I 

OAC 3745--9-05 -
New Groundwater 

OAC 3745-9-06 -
Requirements for 
Groundwater Well 

OAC 3745-9-07 -
of New Groundwc 

OAC 3745-9-08 -
Operation of Gror 

SlMMARY OF POTENTIAL GROUNDWATER APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS (ARAR) AND REQUIREMENTS TO BE CONSIDERED (fBC) 

LINCOLN FIELDS SITE, RICHLAND COUNTY, OHIO (Continued) 

I'BC Citat ion 

LocationS 
1er Wells 

Con:;tructil 
Wells 

Casing 
'~ew 
,. 
·' .. -~-----

ntinued) 

iting 

mof 

Surf:tce De 
1er Wells 

sign 

Starmp am 
ndwater Vv 

I 
·ells 

Description 

This regulation mandates that 
groundwater wells be located so as to 
prevent contaminants from entering 
the wells and so as to make the wells 
accessible for cleaning and 
maintenance. 

This regulation specifies minimum 
construction requirements for new 
groundwater wells. 

This regulation establishes specific 
requirements for well casings in new 
groundwater wells. 

This regulation establishes specific 
surface design requirements for new 
groundwater wells. 

This regulation requires disinfection 
of new groundwater wells and use of 
potable water for oumos. 

C-1-11 

Preliminary Comments 
ARAR/TBC 

Determination 

Applicable This regulation is applicable to 
locating groundwater wells for a 
removal action. 

Applicable This regulation is applicable to 
constructing groundwater wells for 
a removal action. 

Applicable This regulation is applicable to 
constructing groundwater wells for 
a removal action. 

Applicable This regulation is applicable to 
constructing groundwater wells for 
a removal action. 

Applicable This regulation is applicable to 
constructing groundwater wells for 
a removal action. 

file:///Vells


Sl MMARY OF POTENTIAL GROUNDWATER APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS (ARAR) AND REQUIREMENTS TO BE CONSIDERED (TBC) 

LINCOLN FIELDS SITE, RICHLAND COUNTY, OHIO (Continued) 

Potential ARARITBC Citat ion 

n----------- --·----
ntinued) Action-Specific A!!AJ~ (~:o 

OAC 3745-9-09 - l'vlaintena.n 
Operation of Grm ndwater" 

ce and 

n----------- ._ .. ___ _ 
OAC 3745-9-ll - "~.bandomr 
Test Holes and Gr,)undwater 

~======== ====== 

'ells 

tent of 
Wells 

Description Preliminary Comments 
ARAR/TBC 

Determination 

This regulation establishes specific Applicable This regulation is applicable to 
maintenance and modification constructing groundwater wells for 
requirements for casings, pumps, and a removal action. 
groundwater wells. 

This regulation specifies requirements Applicable This regulation is applicable to 

for abandonment of test holes and constructing groundwater wells for 
groundwater wells when they are no a removal action. 
longer useful. 

C-l-12 



APPENDIX C-2 

SUMMARY OF POTENTIAL SOIL APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS AND REQUIREMENTS TO BE CONSIDERED 

LINCOLN FIELDS SITE 
RICHLAND COUNTY, OHIO 

(Five Pages) 



SUMMARY OF POTENTIAL SOIL APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS (ARAR) AND REQUIREMENTS TO BE CONSIDERED (TBC) 

LINCOLN FIELDS SITE 

:=== = 

Potential ARAR or TBC Citation 

-
Chemicai-Spe~!!!~ Al~ARJ 

40 CFR § 262. I 1 . Subpart 

.. 
I -
A- Waste 

Characterization 

-
h 268.44, 40 CFR §§ 268.") throug 

Subpart D - Lan<i Dis posa I Restriction 
(LDR) Regulatio- s 

OAC 3745-59-o· .. Waste 
Record keeping 

-
Analyses and 

-

RICHLAND COUNTY, OHIO 

Description Preliminary Comments 
ARAR/TBC 

Detennination 

This regulation requires that waste be Applicable This regulation would be applicable 
adequately characterized to determine its to determining whether excavated 
proper classification. soil is hazardous or nonhazardous 

waste. 

These regulations require the generator Applicable These regulations would be 
to notify the receiving disposal facility of applicable if excavated soil is 
exceedances of treatment standards or to determined to be hazardous waste. 
certify that waste meets treatment 
standards; also, certain wastes are 
prohibited from land disposal and 
require use of specified treatment or 
destruction technologies. 

This regulation requires that waste be Applicable This regulation would be applicable 
adequately characterized to determine its to determining whether excavated 
proper classification. soil is haza1rdous or nonhazardous 

waste. --
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SUMMARY OF POTENTIAL SOIL APPLICABLE OR RELEVANT AND APPROPRIATE 
RE.QUIREMENTS (ARAR) AND REQUIREMENTS TO BE CONSIDERED (TBC) 

LINCOLN FIELDS SITE, RICHLAND COUNTY, OHIO (Continued) 

:==== 

Potential ARAR or 1BC C itation 

Location~m~:_AR~Rs_ 

16 USC § 661 et 1eq .. 40 C'F 
40 CFR § 264.18. anc Execu 
Order No. 11988 - Flood Pia 

R Part 6, 
tive 
in 

Managerr~---·----

16 USC § et seq . . ~iO CFR P 
and 50 CPR Part ·~02 - Enda 

art 200, 
ngered 

Spe:ies Act 

:Order 40 CFR Part 6 ar d Ext!cutivc 
No. 11990 - Prot ~c:tio 1 of W ·::tlands 

Description 

These provisions require that any action 
in a flood plain be managed to avoid 
adverse effects. 

These provisions require actions to 
conserve a critical habitat upon which an 
endangered species depends. 

These regulations state that any action 
involving construction of facilities or 
management of property in wetlands 
must avoid adverse effects on the 
wetlands minimize potential harm, and 
preserve and enhance the wetlands, to 
the extent oossible. 

C-2-2 

Preliminary Comments 
ARARITBC 

Detennination 

Not applicable or The site is not located in a flood 
relevant and appropriate, plain, so the:se provisions 

and not TBC are neither applicable nor relevant 
and appropriate. 

Not applicable or These provisions are neither 
relevant and appropriate, applicable nor relevant and 

and not TBC appropriate because no endangered 
species have! been identified in the 
site area. 

Not applicable or No wetlands are located on site, so 
relevant and appropriate, these regulations are neither 

and not TBC applicable nor relevant and 
appropriate. 



SUMMARY OF POTENTIAL SOIL APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS (ARAR) AND REQUIREMENTS TO BE CONSIDERED (fBC) 

LINCOLN FIELDS SITE, RICHLAND COUNTY, OHIO (Continued) 

rr======-====== 

Potentia] ARAR or TBC C itation 

ust 
ctivities 

.and 40 CFR Part 241 - Off-Site I 
Disposal of Nonl1uadous S olid Waste 

11--------·-··----
.62.23, 40 CFR §§ 262.:·.) through 2 

262..30, and 33, ~ubparts B; 
Transportatior~~-~:la2~trdc~Js 

md C-
Waste 

40 CFR § 264.301 -Off-Site Land 
Disposal 

Description Preliminary Comments 
ARAR/TBC 

Detennination 

This regulation requires that excavation Applicable This regulation would be applicable 
activities be controlled to minimize to controlling dust and dirt 
particulate matter emissions. emissions during soil removal. 

This regulation requires that off-site Applicable This regulation would be applicable 
solid waste land disposal units meet if excavated soil is determined to be 
minimum federal guidelines for land nonhazardous waste. 
disposal of solid wastes. 

These regulations specify requirements Applicable These regullations would be 
for transporting hazardous waste off site applicable if excavated soil is 
for disposal. determined to be hazardous waste. 

This regulation requires that land Applicable This regulation would be applicable 
disposal of RCRA hazardous waste be in if excavated soil is determined to be 
units that meet minimum technology hazardous waste. 
re(luirements under RCRA. 
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Sl.MMARY OF POTENTIAL SOIL APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS (ARAR) AND REQUIREMENTS TO BE CONSIDERED (TBC) 

LINCOLN FIELDS SITE, RICHLAND COUNTY, OHIO (Contiinued) 

rr=====--=--==-===== 

Potential ARAR or TBC ( ~itation 

'ontinued) Action-Specifi£_!~~A~ (~ 

40 CFR Part 264 ·· Contairu !r Storage 

·mis Air OAC 3745-15--05 - Dt Mim 
Contaminant Sou cce Exemp tion 

OAC 3745-15--07- Air Poll 
Nuisances Pro hit ited 

-----.. -~-----

urion 

t Air 

Description 

These regulations establish procedures 
for managing hazardous waste in 
containers. 

This regulation establishes air 
contaminant source exemptions for 
sources that emit less than 10 pounds or 
particulate matter per day. 

This regulation defines and prohibits air 
pollution nuisances from any source that 
endanger the health, safety, or welfare 
of the public or cause personal injury or 
property damage. 

This regulation establishes ambient air 
quality standards for total suspended 
oarticulates. 
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Preliminary Comments 
ARAR/TBC 

Determination 

Not applicable or Excavated soil will not be stored on 
relevant and appropriate, site but would instead be 

and not TBC immediately transported to an 
appropriate disposal facility, so 
these regulations are neither 
applicable nor relevant and 
appropriate .. 

Applicable This regulation would be applicable 
if less than 10 pounds per day of 
particulate matter is emitted during 
soil removal. 

Applicable This regulation would be applicable 
to dirt and dust emissions generated 
during soil :removal. 

Applicable This regulation would be applicable 
to dirt and dust emissions generated 
during soil removal. 
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SllMMARY OF POTENTIAL SOIL APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS (ARAR) AND REQUIREMENTS TO BE CONSIDERED (TBC) 

LINCOLN FIELDS SITE, RICHLAND COUNTY, OHIO (Continued) 

r.========---

Potential ARAR •Jr T BC Ci tation 

11-------·-------

ntinued) Action-Specifi£!~!M-l~.s (C~o 

OAC 3745-17-07 .. Contrail o t"Visible 
Particulate Emiss nns 

,___ _______ , ____ _ 
OAC 374.5-17-08 - En~ iss ion 
Restrictions for F 1giti\'e Dus 

.._____ ___________ _ t 

OAC 3745-53-20 through 374 
3745-52-30. and : 745-52-3:· 

5-53-31, 

11------------------
r OAC 3745-55-14 ·Disposal o 

Decontamination ('f Equipme nt, 

Structures. and So* 

l!:====: = ======= 

Description Preliminary Comments 
ARARITBC 

Detennination 

This regulation establishes limits for Applicable This regulation would be applicable 
visible particulate emissions from any to dirt and dust emissions generated 
fugitive dust source. during soil removal. 

This regufation establishes restrictions Relevant and appropriate This regulation would be relevant 
for fugitive dust emissions. and appropriate during soil 

excavation activities . 

This regulation establishes general Applicable This regulation would be applicable 
requirements for transporting hazardous if excavated soil is determined to be 
waste off site for disposal. hazardous waste. 

This regulation requires that all Applicable This regulation would be applicable 
contaminated equipment, structures, and to all equipment used during soil 
soils be properly disposed of or removal. 
riPr• ' _. 
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